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Features & Projects 


Inside Intel’s Pentium cscenangsbaged secon cinedeedeuseucapuswackcussecndsacesccccmantecsiec de 
A look at how Intel’s new super processor chip works and what the future has in store. 


Electronics and the Disable ..........:..sssecsecssessesseseasesaresssesvesoresesesoe LS 
Electronics and personal computers can be used to give disabled people a better 

quality of life. We look at some of the ways in which PCs and electronics can be 

used and examine a project to create a special, single key, computer keyboard. 


Ini-circait Transistor Tester ...ses.scecesisorsneneneveesrsensvindasentereresancesssenicl 
A project by Robert Penfold to build this useful item of test gear - this month’s 
cover board project. 
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The concluding part of our car alarm project 


Past BIC Battery Car B00 sc vsisiinieccnotiananiennnnccsmmniommnssvcctiac ad 
This project allows you to build a fast, portable and versatile NiCd battery charg- 
er, ideal for campers, radio controlled model users and motorists. 


PC Vo Board etdeaucccunaatasassunce noun conn wednbusGcuvecswesdevauveesiegaavaursexasecercesdeauil O 
Give your PC the ability to interface with the real world by building this versa- 
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December 1993 9 tTheETI Electronic Conference System ........s..csssssssessessesssseeserseere4O 


A look at how ETI readers can use their personal computers to communicate with 
other readers and access vast databases of information. 


ICs Bh BEIT sesnsstsricncancse nia venice antenna vaaiaalacabehaeeier aD 
A project to removes the jittery image so often found when playing video tapes 
on old recorders. 


Microprocessor Fundamentalls..........ssscssscssssersescssseessecssessssesesserese5O 
The first in a short series looking at the basics of designing a microprocessor 
based system. 
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intel’s Pentium Chip explained - page 12 


We will be looking at the way in which electronics can help 
the environment, through improving energy efficiency, 
enabling the use of alternative energy sources and making it 
possible for large numbers of people to work from home. We 
will also be looking at the use of computer software in elec- 
tronics and how your computer can be used to help design 
better circuits. 


wey j There will also be plenty of interesting projects, including 

SUBSCRIPTION |} a ROM emulator for the microcomputer experimenter, a ver- 

of gach aa | satile valve amplifier for guitar players, a cycle alarm to stop 

HOTLINE anyone tinkering with your bike and a useful piece of test 

| 0737 768611 | equipment, a logic pulser generator. Plus more on MPU 
basics and computer interfacing. 
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rom Poole based stepper 

motor specialists, Digiplan, 
comes a new family of high per- 
formance stepper motor drive 
modules, Available with 2A, 3A, 
or 5A output capability the drives 
are suitable for use with any stan- 
dard 2-phase hybrid or perma- 
nent magnet stepper motor, hav- 
ing 4, 6, or 8 leads and featuring 
user-adjustable current limiting 
for optimal motor matching. 

All these drivers can operate 
in full or half step mode, provid- 
ing 200 or 400 steps/rev resolu- 
tion from a standard 200 step 
rotary stepper motor, and can 
also be used with linear stepper 
motors. 

For more information contact 
Digiplan on 0202 699000 


High performance stepper 
motor drives 
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Smoke alarm 
kit from 
Maplin 


N’ from Maplin Electronics 
is a smoke alarm, designed 
to operate with the 12V supply 
from the control panel of a secu- 
rity system, and provide an alarm 
signal via a set of relay contacts. 
The contacts are normally closed 
in the ‘no smoke’ condition. 
The alarm has a sound output 
of 85dB (minimum) at 10ft, and 
an LED flashes every two sec- 
onds when smoke is detected. 
The LED normally flashes every 
40 seconds to provide indication 


case, etc. It is available from any 
Maplin shop or by mail order, 
price £19.93 plus VAT. 

For further information con- 
tact Maplin on 0702 554161. 
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New fluid sensors from 
Gentech 


A new range of compact vertic 


al fluid level sensors has been 


launched by Gentech International. Measuring less than 60mm, 
the sensor offers proven reed sw 
high or low liquid level sensing 


itch reliability and a facility for 
simply be reversing the float. 


Supplied with normally open, or normally closed contact | 
action, these sensors have a maximum contact rating of 15W dc 
and a maximum switching voltage of 100V de (250V rms). The 
sensors come with a 1/8in NPT thread fitting and are made from 
polypropylene. These sensors will work with liquids down to a 


SG of 0.70, 


For further details contact Gentech on 0465 3581 


ofc Colorado’ 
Computing — 


“stores and manipulates its instruc- 
pulses. of light, 


‘tion and data as 
neice th pat of electricity. 


optical 


‘soatina Conter what is claimed © 
to be the world’s first optical 
computer is at work, This almost 


: puters take a 


"sed to ‘create. ‘optical ae 


and ‘flip-flops i is still very new. : 
within a few years we could see 
dramatic Lapa dite in capa- 
bility. 


BSOC are fabricated by diffusing 
titanium through the surface of a 
- clear crystal of lithium niobate to 
; form two channels for the light, 


The optical switches used in 


voltage is applied the 
pathways are parallel, 
. when the voltage is removed they. 
ore cross. The fact that these switches: 
ing are a hybrid of electronics and 


Low cost hand held 
frequency meter 


FF: Huntingdon based Thurlby-Thandar Instruments Ltd, comes 
a hand held, battery powered, 1.3GHz frequency meter that costs 
less than £100, Despite its compact size and low cost, the PFM1300 
incorporates many advanced features normally associated with 


sophisticated bench instruments. 


The PFM1300 uses the reciprocal counting technique to achieve a 
high measurement accuracy for all frequencies. The system yields at 
least seven digits of resolution per second measurement time, and can 
resolve low frequencies to 0.001mHz. 

The measurement range is 5Hz to 1300MHz, with excellent sensi- 
tivity and a low pass filter can be selected when required. Signals can 
also be displayed in terms of period as an alternative to frequency. 
There is a ‘hold’ key to retain readings on the 8-digit LCD display. 

The PFM1300 costs £99 and further details can be obtained from 


TTI on 0480 412451. 


Bright future for 
electroluminescent polymers 


hysicists at the University of 
Cambridge have developed a 
new display technology which is 
generating an enormous amount 
of excitement in electronics com- 
panies around the world. The 
technology is based upon the light 
emitting properties of an organic 
polymer called 
polyphenylenevinylene, or PPV 
for short. 

Very thin films of purified 
PPV emit light when just a few 
volts are applied across it. 
Unmodified PPV emits surpris- 
ingly large amounts of greenish 
light, indeed it is about 10% effi- 
cient in converting electrical 
energy into light as opposed to 
only 1% for LEDs. The 
researchers have been able to cre- 
ate derivatives of PPV which can 


generate light in a wide range of 
other colours including red and a 
very good blue. 

Not only are displays based on 
PPV very efficient at generating 
light, they are also capable of gen- 
erating light which is more than 
ten times as bright as that generat- 
ed by a CRT tube. This means 
that PPV based displays are ideal 
for applications such as emer- 
gency lights and signs. They also 
offer high reliability and stability, 
products with a 100,000 hour life 
should be standard. 

Expect to see prototype PPV 
based displays within the next 
year and commercial products 
from some of the big US and 
Japanese companies with two or 
three years. 


Blue laser 
breaks the 
data storage 
barrier 


he short wave length of blue 

light compared to that of red 
means that it can be focused to a 
much smaller spot. This means 
that optical recording media 
based on blue laser light can be 
constructed with a much higher 
density of data storage than a 
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similar system utilising infra-red 
laser light. With blue light the 


amount of data stored on a disk 


can be more than quadrupled. 

A blue light semiconductor 
laser has thus, for many years, 
been a goal for researchers, a goal 
which has finally been achieved 
by a team at IBM’s Almaden 
Research Centre in California, 

The technique which they 
have employed to generate blue 
laser light consists of feeding a 
beam of infra-red laser light gen- 
erated by a conventional gallium 
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New microprocessor 
training course 


| | ae Instruments Ltd has just launched a new package for training 
technicians in the principles of microprocessor based systems. 
The course is built around a fault testing instrument, a working 
processor trainer and a 200 page self-instructional manual. 

The course provides a means of understanding the ‘real-world’ 
hardware characteristics of processor-based boards. It takes two or 
three days to complete after which students should be acquainted with 
all the fundamental operational principles of processor based elec- 
tronic systems. An understanding which should equip them with the 
conceptual tools to fault find in development, manufacturing test, and 


maintenance environments. 


The course package is priced at £795 and can be reused for as 
many students as necessary. For further details contact Polar on 0481 


53081. 


arsenide diode laser into a special 
frequency doubler. With the aid 
of special feedback controls this 
frequency doubler generates blue 
laser light at a sufficiently high 
power rating for use in optical 
data storage systems. 

So far the IBM team has suc- 
ceeded in creating a magneto- 
optical disk system based on the 
blue semiconductor laser which is 
capable of storing 6.5 Gigabytes 
of data on a single double sided 
5.25in optical disk. There are, 
however, a great many problems 


which still need to be overcome 
before such high capacity disks 
are available commercially. 

High density optical disks will 
require new high precision optical 
and mechanical systems, 
Accurately positioning _ the 
read/write head over a data track 
becomes much harder as the track 
becomes smaller. There are also 
increased problems from environ- 
mental effects such as dust, prob- 
lems which will require new 
encoding and error detection/cor- 
rection techniques. 
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Inside Intel's 
Pentium 


The PC superprocessor 


and is fabricated using an 0.8micron BiCMOS process. 

The Pentium is, without a doubt, an extremely powerful and 
complex processor chip. Indeed, as the table in Development 
of Intel CPUs over the years shows it is, in computer pro- 
cessing terms, over 150 times as powerful as the 8086 proces- 
sor used in the first generation of IBM PCs, and in terms of cir- 
cuit complexity, in other words the transistor count, over 105 
times more complex. So what is involved in all this complex 
circuitry and why is it so powerful? Also, what does the future 
hold for this chip and for the next generation of processor 
chips? 


The Pentium design philosophy 

The Pentium is the latest in a long line of compatible micro- 
processor chips from Intel, a line which made its first appear- 
ance fifteen years ago in June 1978, with the launch of the 
8086. Since then a new generation of microprocessor, each 


lier this year and now finding its way into many top 
range PCs, is one of the most complex integrated cir- 
cuits ever designed and produced. The silicon chip itself is 
16mm square and contains over 3.1 million transistors pack- 
aged into a massive 2.16in square, 273 pin grid array package. 
The standard version operates at 6(0MHz, draws 13W of power 


T he Pentium microprocessor chip, launched by Intel ear- 
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more powerful than the last and yet all capable of running the 
same software, has appeared at about four yearly intervals. 
All these processor chips have been based upon a vary con- 
ventional computer architecture which uses a large and com- 
plex instruction set to perform a wide range of computational 
operations. They are a category of computer refereed to as 
CISC, or Complex Instruction Set Computer, machines. 


E CH BUFFERS 


DATA CACHE 


However, a complex instruction set also means complex 
circuitry to decode these instructions and perform the requisite 
operations. This circuitry allows the processor to carry out 
Operations such as multiplying two numbers together, opera- 
tions which would otherwise have to be done in software. The 
result is that a CISC processor achieves high processing 
throughput in mathematically intensive operations, by using 
hardware circuitry to perform all but the most complex instruc- 
tions. 

Fifteen years ago CISC architecture was the only viable 
technique available to Intel’s chip designers, so the 8086 was a 
CISC processor. Within the last five years, however, new 
architectures have been developed, in particular the RISC, or 
Reduced Instruction Set Computer, architecture. These new 
architectures offer very high processing speeds in applications 
which are not mathematically intensive - see RISC Vs CISC. 

But the enormous popularity of the IBM PC and the large 
number of software packages written for 8086 based systems, 
mean that Intel has been forced to keep software compatibility 
throughout all five generations of its processor chips. A pro- 
gram written for the 8086 will also run on the 80486, or the 
Pentium, and it will run a lot faster, but will still employ the 
same instruction set. 

This need for upward and downward compatibility has 
meant that Intel’s designers have, to a large degree, been held 
hostage by the previous designs. So, in order to increase 
processor power they have had to resort to using several dif- 
ferent techniques. These are increasing the clock speed, 
increasing the width of the data bus and most recently, intro- 
ducing techniques which allow two instructions to be comput- 
ed at the same time. 

Probably the most dramatic increase has been in clock fre- 
quency, up from just 4.2MHz on the early 8086 based PCs to 
over 66MHz on a new Pentium based system. Data bus widths 
have increased less dramatically, up from 16 bits wide on the 
8086 to 64 bits wide on the Pentium. The reason why data bus 
widths have not increased so dramatically is simply that, gen- 
erally speaking, increases in bus width translate directly into 
increases in component count. However, both these techniques 
have in combination accounted for a lot of the improvements in 
processing speed, but not without raising a number of problems 
for both the chip designers and those utilising the chip within a 
computer system - see Pentium design constraints. 


INSTRUCTION 4 


Fig.2. A simplified RISC pipeline 


Development of Intel CPUs over the years 
The first sixteen bit CPU designed and produced by Intel was the 8086, 
and it made its debut in June of 1978. It was launched into a personal com- 
puter world dominated by eight bit processors, the Z-80 with its CP/M 
operating system, and the 6502 used in the ApplelI and in the Commodore 
PET and C64. For a while, usage of the 8086 was confined to low volume 
specialist computers and control equipment, but it was the processor chip 
chosen by IBM for its new personal computer. 

The IBM PC was the mainframe giant’s attempt to regain business lost 
to the new personal computer companies such as Apple. The choice of the 
8086 was a gamble, since it was a new processor chip with no existing soft- 
ware support. However, the fact that it was produced by IBM meant that the 
PC was seen by software producers as a guaranteed commercial success, a 
hunch which proved correct and which established the PC as a standard for 
personal computing, and the 8086 as the standard processor chip for the PC. 

The eight bit processors soon disappeared from use leaving users with [ 
the choice of the 8086 used in the PC or the 68000 used in the new Apple } 
Macintosh that was produced in response to IBM’s PC. As software became 
more sophisticated, so there was an increased demand for more processing 
power and Intel produced the more powerful 80286. Then in response to the | 
continuing demand for faster processors, the 386, the 486 and now the [7 
Pentium, on average a new generation of chip every 44 months. “ 

The following table shows how these successive generations of Intel | 
processor chips have grown in power and complexity over the fifteen years | 
since the 8086 first appeared and into the future with the P6. 


29,000 transistors 
| 80486 | August 1989 | 54 MIPS | 1.2million transistors | 
| Pentium | 
| Pe | 


P ; 
March 1993 | 112 MIPS | 3.1million transistors 
1995? 200+MIPS | 10million transistors 
MIPS stands for Millions of Instructions Per Second, and is a standard mea- 
surement of computer power. 


The Pentium design 

The first thing to note about the Pentium is that the designers 
have added a few instructions to allow programmers to fully 
utilise some of the new features of this processor chip. These 
features include the multiprocessing cache coherent protocol, a 
CPU identification instruction and an eight 
byte compare and exchange instruction, for 
fast sorting. However, these additions 
aside, the instruction set of the Pentium is 
the same as the 486, and thus fully software 
compatible. 

If we look at the architecture of the 
Pentium in comparison with that of the 486, 
see Fig.1, we can see that there is an enor- 
mous difference. The most obvious is that 
there are two arithmetic logic units, ALUs, 
in the Pentium as opposed to one in the 486. 
Each ALU in both chips is more or less 
identical, with the same five stage integer 
pipeline design. This is a design where the 
instructions are executed in a number of 
discreet stages - Prefetch, Decode, Address 
Generate, Execute, and Writeback. As the 
ALU finishes one stage for a given instruc- 
tion, it moves on to the next stage and in so 


RISC Vs CISC 


What makes the performance of one processor different to the performance of 
another is its architecture. To the end user this architecture is most obvious in 
terms of the processor’s instruction set. We can classify instruction sets used 
in modern processors into two broad categories - reduced instruction set or 
RISC architecture processors, and complex instruction set or CISC processors. 

The most fundamental difference between these two categories lies in how 
and when they move operands into memory. A typical CISC processor will let 
the programmer specify multiple memory operands per instruction. The virtue 
of this is that there is a reduced need to use processor registers to store tempo- 
rary values, and registers are the most precious asset in any processor. 
However, accessing two or three memory based operands per instruction adds 
considerably to the complexity of that part of the processor which coordinates 
execution of instructions, the control unit. 

This complexity means that the control unit has to be microprogrammed, 
in other words it is a processor in its own right. The control unit executes a 
microcoded program which determines how the main processor executes 
instructions. This means, of course, that the control unit is extremely flexible 
- change the microcode and one can change the characteristics of the main 
processor. However, this flexibility is achieved at the expense of a lot of com- 
plex circuitry and a considerable reduction in performance. 

RISC architecture processors do not include memory accesses in instruc- 
tions which involve execution by the arithmetic logic unit or floating point 
unit. In other words, they do not access multiple memory based operands, they 
take their operands from registers only. Operands are moved between registers 
and memory by simple load and store instructions. This is far simpler to con- 
trol and as a result RISC processors do not need the sophisticated microcoded 
control units found in CISC architecture systems. The result is an enormous 
reduction in circuit complexity, and a comparable increase in speed. 

There are many other variations between CISC and RISC processors, thus 
most RISC processors use pipelining in order to execute more instructions in 
a given time by executing them concurrently. However, pipelining is no longer 
exclusively used in RISC processors. As we have seen it is a technique 
employed by the Pentium to increase execution speed. 

RISC processor designers are now moving beyond the concept of pipelin- 
ing, to a concept which has so far been confined to use on supercomputers, the 
superscalar processor. In such a processor (the IBM RISC system 6000 is an 
example) the pipeline is not subdivided, but duplicated, This means that each 
functional unit of the processor has its own pipeline and can operate indepen- 
dently of other units. This is a form of parallel processing which can give an 
enormous boost to performance. 

The further development of both RISC and CISC architecture based 
processor chips is set to continue for many years. It is impossible to sit down 
and rationally say that one type of chip is better than the other. The truth is that 
each type of processor has its own particular merits in a particular application. 
Thus the highly successful British designed Acorn ARM chip, a RISC proces- 
sor, was the perfect choice for the new Apple Newton, whereas the Pentium is 
the perfect choice for a top range PC, 


doing makes way for the next instruction in the program 
segence. It is a design which optimises processing speed and is 
called a pipeline, because of the way that instructions move 
through it. 

The fact that the Pentium design has two integer ALU 
pipelines means that it can, in the case of simple commands, 
execute two instructions at the same time, thus doubling pro- 
gram execution speed. The Pentium takes two instructions at a 
time and does an initial check to ensure that both are simple 
instructions, in other words ones where the result of one 
instruction is not necessary to the execution of the other. If both 
instructions meet this requirement then they are executed 
simultaneously. Otherwise only the first instruction of the two 
is executed in the U pipe ALU. 

The fact that two instructions can be executed simultane- 
ously means that there is a theoretical doubling of program 
execution speed, although in reality not all instructions are sim- 
ple, so speed improvements are unlikely to ever approach the 
maximum. However, this feature does offer significant 
improvements in simple bit/byte manipulation, important in 
areas such as graphics. 

Having two integer ALUs in the Pentium incurs the penal- 
ty of forcing the processor to make twice as many accesses. to 
memory for instructions and data as would be necessary with 
just a single ALU. To overcome problems associated with this, 
Intel has had to split the 8Kb cache memory (see What is 
Cache Memory, for a description) used on the 80486 into 
two, so the Pentium has an 8Kb instruction cache and an 8Kb 
data cache. It was also found necessary to double the sizbeof 
both the internal and external data busses to 64 bits, so’that 
each time the Pentium accesses memory it brings in twice the 
number of instructions or bytes of data as does a comparable 
486 memory access. 

By splitting the cache into two, Intel has had to utilise some 
sophisticated techniques to ensure cache coherency between 
the instruction cache and the data cache. Without such tech- 
niques, a lot of problems can be encountered, in particular it 
makes it very difficult for programmers to use self modifying 
code. 

The two ALU pipes are not absolutely identical. The U pipe 
includes a barrel shifter for bit level manipulations so that it can 
execute any 80 x 86 instruction, be it integer or floating point. 
In fact the U pipe ALU is the beginning of an eight stage 
pipelined Floating Point Unit, or FPU. The FPU is an extreme- 
ly important component of the Pentium which, like the 486, 
does not need a coprocessor chip to speed up the execution of 

arithmetically intensive 


Pentium design constraints 
The design of the Pentium posed an enormous number of 
problems, and integrating this chip into systems that will take 
full advantage of it, also looks beset with problems. The 
biggest headache facing engineers is designing a mother- 
board fast enough to keep up with the processor. Using the 
SOMHz 486DX processor has already stretched the capabili- 
ty of many designers, a 66MHz Pentium will cause even 
more problems, and a 100MHz version could well prove to 
beyond the capability of most designers. 

Indeed, it has been said that the Pentium could mark the 
end for many clone manufacturers. 

As designers move beyond 50MHz, there are an increas- 
ing number of considerations which need to be taken into 
account if a system is to run reliably. There are problems with 
thermal output, voltage variations, signal losses, RF interfer- 
ence, and TTL signalling. All these conditions become 
increasingly significant at high speeds and the margin for 


code. is 
In the past, the need for an arithmetic coprocessor was 
largely confined to a minority of PC users, users of programs 
such as AutoCAD where complex graphics images needed 
large numbers of equally complex mathematical calculations 
to generate the displays. Today, with the advent of multimedia, 
digital video and complex graphics creation and manipulation 
packages, the need to have a processor which can very rapidly 
- handle floating point arithmetic is felt by the majority of PC 
users. Hence the integration of a sophisticated optimised FPU 
onto the Pentium chip. 


Into the future 

The above is just a brief look at how the Pentium processor 
chip works and how it represents quite a considerable change 
from earlier generations of Intel processors. It is still not a 
design which can be described as being at the leading edge of 
computer architecture, but because it will be the processing 
power behind the next generation of PCs it is an extremely 
important product. Upon it will depend the future of comput- 
ing throughout the world during the next five years. 

Of course, within the design department of Intel the 
Pentium is already considered obsolete. There will be a double 
speed version of the Pentium just as there is a double speed ver- 
sion of the 486, the 486DX2 - currently, at half the power, the 
most powerful processor in the Intel range next to the Pentium. 
Intel designers are also working on a new generation of proces- 
sor due to make its debut in less than eighteen months and 
codenamed the P6, which will use over ten million transistors 


error becomes increasingly small. The thermal output of the 
Pentium alone is a significant factor, as it runs very hot and 
requires special cooling techniques. A simple fan is no longer 
enough and designers will have to use thermal modelling 
software to ensure correct heat dissipation and prevent local 
hot spots on a board. 

Unless designers are very careful, the Pentium’s high 
speed will lead to problems with bottlenecks, which will sig- 
nificantly degrade overall system performance. The data 
busses will not be fast enough, input/output circuitry will not 
be fast enough and memory will not be fast enough. To coun- 
teract these problems, designers will have to pull every 
known trick out of the bag. Solutions include much larger 
blocks of high speed cache memory, maybe as much as 
512Kb, and the use of very high speed local bus based 
designs such as Intel’s PCI bus (we will be examining bus 
systems in a future issue of ETI). 


What is Cache Memory? 
As processor chips get faster so they start to encounter one of the [ 
major bottlenecks in the design of a modern PC. This is the incom- 
patibility in speed between the fast processor and the much slower 
memory chips. Processor instruction cycles are now considerably 
shorter than the access time of the average memory chip. 

The solution to this problem has been to use a small intermedi- 
ary block of memory with very fast access times, fast enough not to 
slow down the processor. This block of fast RAM is called the cache 
and is used to store frequently needed information. On a processor 
chip like the Pentium there are two 8Kb blocks of cache memory 
actually on the processor chip. 

When the processor requests a block of program code or data 
from memory, the processor will invariably have to wait for the 
memory to deliver the required information. A copy of this block of 
information will, however, be stored in cache memory. This means 
that if the same block of instructions or data is accessed again, then 
there will be no need for the processor to wait, since it will be acces- 
sible from the fast cache memory rather than the slow main memo- 
ry 


The cache memory on the main processor chip can also be aug- 
mented by external or secondary cache memory. This again acts as 
in intermediary between main memory and processor cache, and 
_ consists of very fast RAM chips. Most modern PC designs have 
room on their motherboards for such external cache memory, indeed 
some Pentium designs will support up to 512Kb of external cache, 
Cache memory is also added to video and disk controllers to speed 
up their performance. 
The use of cache memory is a very important tool in the system 
designers’ armoury, It can significantly improve performance, with 
gains of between 20 and 100 per cent compared with non-cached 
designs. 


on one chip, and offer users over twice as much power as a 
standard Pentium. 

It seems that we are still a long way from seeing an end to 
the further development of the 80 x 86 family of Intel proces- 
sors which, for the next decade or more, will power the 50 mil- 
lion or so PCs that are sold every year throughout the world. 


the disabled 


How electronics can be used to help disabled people live fuller lives 


here are over six million adults in the UK who are clas- 

sified as having one or more disabilities. That means 

over six million people who are unable to live their lives 
to the full, for some reason or other. They might be blind, or 
deaf, unable to walk or move and yet be as mentally alert and 
able as any non-disabled person. For such people life can be a 
jong sequence of frustrating experiences and unfulfilled 
desires. 

However, we can do something to help such people, we can 
use the technology that has been developed to give them back 
some of the freedom which the rest of us take for granted. 
Freedom which means that the disabled can do things without 
having to rely on the -help of others. Freedom to take up a job 
and with it the independence, the self respect, and the social 
interaction with other people that comes from working for a 
living. 

We have all seen and admired the way in which the 
renowned physicist Dr Stephen Hawking has overcome his 
disabilities with the aid of a computer and speech synthesiser 
to continue working, writing and lecturing in different venues 
across the world. Without that technology he would be denied 
the freedom to continue working and we would be denied 
access to his intellect and genius. 

The kind of technology which has been applied to assist 
Professor Hawking could equally well be applied to helping a 
great many of the 6 million disabled people in this country. It 


can be used within limits to let the blind read, let the deaf hear, 
let the dumb speak and the physically disabled move. The tech- 
nology to do this is neither particularly complex, nor particu- 
larly expensive, but with the exception of hearing aids, such 
technology is, by and large, not available commercially. 
Unfortunately, disabled people and their families cannot walk 
into Dixons and buy such systems, neither can they get the 
NHS to provide it. 

One reason why electronic systems aimed at helping the 
disabled are not considered to be potential commercial prod- 
ucts is that every disability, indeed every disabled individual, 
has their own special requirements. Thus, although there may 
be six million disabled people in the country, with the excep- 
tion of those who are either deaf or blind, only a few thousand 
of them may share exactly the same requirement. The result is 
that devices designed to help the disabled are invariably tai- 
lored to the requirements of the individual. In consequence 
commercial devices are very expensive, hence the reason why 
they are not available on the NHS. 

This is an area wherein the electronics hobbyist can help by 
building and designing such systems. We have the technology 
and, as individuals knowledgeable about electronics, we are in 
an ideal position to apply that technology. In this way we can 
help disabled friends, relatives and individuals in our local 
community to lead fuller and more productive lives. 


ETI DECEMBER 1993 


Types of system 


Most disabled people share one problem in common, difficul- 
ties in communications with people and everyday things which 
all of us take for granted at home and at work. A blind person 
cannot read an ordinary book or newspaper, watch the televi- 
sion or use a computer screen. Someone who is deaf or dumb 
cannot use the telephone, or hold a verbal conver- 
sation with someone. Those who are motor-dis- 
abled (unable to use one or all of their limbs) may 
be able to see, hear, and speak, but they might find 
it impossible to perform simple actions like switch- 
ing on a light, writing a letter, or using a computer 
keyboard. 

Improving communications is therefore the key 
to helping most people who have a physical dis- 
ability. For all but the most profoundly deaf, hear- 
ing aids can be used to amplify sound and thus 
make best use of what hearing capability there is. 
For the blind, texts in Braille, and more recently 
Braille reading machines, have made reading pos- 
sible. For other forms of disability we can use tech- 
nology, in particular the personal computer coupled 
with appropriate electronic circuitry, to improve 
communications in many different ways. 

As an example we can use a voice synthesiser 
connected to a PC to give someone with speech 
problems, caused by something like cerebral palsy, 
the ability to communicate verbally and make use 
of the phone. Similarly, a single switch system and 
some electronics can allow a quadriplegic capable 
of just minimal head movements, to use a PC to 
write letters, dial up friends on the phone, switch 
lights and other electrical devices off and on, and in 
general control the world around the individual. 

It is the latter application which we will be look- 
ing at in the project part of this article. In future 
months we will be looking at a number of other sys- 
tems which can be constructed at minimal cost to 
help disabled people. We will be looking at speech 
synthesisers, at voice input, and remote actuators. 


Project description 

This is a very basic system designed to help individuals with 
severe physical disability, for example someone who is com- 
pletely paralysed as the result of an accident, or someone suf- 


fering from a muscular disease. Such individuals may well be . 


capable of a very small amount of movement, slight hand pres- 
sure, or head movement, but are unable to manage a conven- 
tional keyboard. 

What this project does is to combine a simple interface cir- 
cuit with a computer program to create a system whereby a sin- 
gle microswitch can be used to replace a conventional key- 
board. A microswitch which can be closed with a very small 
amount of pressure and is therefore an acceptable input device 
for someone with this type of severe physical disability. 

The project is intended for a conventional PC with a paral- 
lel I/O board that is based around the 8255 PPI chip. The par- 
allel I/O board project in this issue is suitable, as is Maplin’s 
Programmable PC I/O Card (available from Maplin as a kit, 
price £21.95). 

The output from the 8255 PPI consists of three eight bit bi- 
directional I/O ports. This project uses all eight lines of port C 
as output and one line from port A as input. The input is to the 
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Fig.1. Circuit diagram for single switch control keyboard 


microswitch, and the eight output lines are used to control a 
number of relays that can be used to control other low voltage, 
low current equipment, such as a transistor radio or a torch type 
reading lamp. Turning mains equipment off and on requires 
much more sophisticated circuitry and involves associated 
safety problems. 


Circuit description 
The circuitry for this simple version of a single switch key- 
board is shown in Figure 1. It can be divided into two parts, the 
microswitch circuit and the relay circuit with its associated 
indicator LEDs. 

The microswitch circuit is very simple. It is connected to line 0 
of port A on the 8255 PPI. When the microswitch is open, the 
normal condition, this line is held high by being connected to 
the +5V supply obtained from the PC I/O card. The 
microswitch itself is connected between line 0 and ground, so 
that when closed, it puils the line low. 

The relay and indicator circuit is more complex. This circuit 
allows for the attachment of four relays and four indicator 
LEDs. Since these devices all require a reasonable driving cur- 
rent they can not be attached directly to the 8255. The correct 
driver current is provided by an octal Darlington driver chip, 
the ULN2803A, the inputs to this chip being connected direct- 
ly to the eight lines of port C on the 8255, and the outputs to 
four LEDs and four relays. 

The LEDs, the common miniature red variety, are connect- 
ed between the top four ULN2803A output Jines and the +5V 
supply from the PC I/O card, each LED is connected in series 
with a 220ohm resistor to ensure the correct drive current. The 
four relays are sub-miniature types, the FM91Y from Maplin, 


which require a power supply of 12V for the relay coil. This is 
provided by a 12V battery. Note that the battery ground is con- 
nected to the ground from the PC and to pin 9 of the 
ULN2803A. 


Project construction 

This is a simple demonstration system and, because every sys- 
tem will have different requirements, it is not really practical to 
design a printed circuit board for it. Consequently, it was con- 
structed using Veroboard, as shown in the accompanying pho- 
tograph. 

A ribbon cable was used to attach the circuitry to the PC I/O 
board. At one end was a 40 pin D Type connector which 
plugged into the I/O board and, at the other end, three ten pin 
PCB connectors which were attached to the cable via a piece of 
39 strip Veroboard, so as to provide a motherboard into which 
a variety of different boards could be plugged if required (see 
photo). 

The main circuit was built on a piece of 100 x 100mm 0.1 
pitch Veroboard, with two ten-way plugs to fit the appropriate 
pins on the motherboard soldered to one end. Three three-way 
screw terminals are soldered at the other end of the board (this 
example circuit only uses two relays) for attaching the 
microswitch cable and cables to devices to be controlled by the 
relays. Board layout is very simple and for the reasons given 
above is not shown. 


The microswitch is a simple normally open type. How this 
switch is actually used depends upon the disability of the user. 
It could be mounted within a simple hand grip made from foam 
rubber, so that a very small amount of hand pressure would 
close the contacts, or the body of the switch could be mounted 
to some rigid structure and an arm connected to the lever so 
that contacts could be closed by a small amount of head move- 
ment. Conversely, other types of microswitch could be used, 
such as the pressure sensor switches used in some washing 
machines. These could be activated with a suck/blow type sys- 
tem. This is an area where inventiveness is essential. 

The relays in this example can be used to control any low 
voltage, low current device. Thus, one could modify a portable 
transistor radio to allow it to be turned on and off simply by 
cutting the positive voltage battery lead and connecting the two 
ends via the relay. The relay can then act as an on/off switch. 
Similarly the 12V battery used to power the relay coils could 
also be used to power a small torch type reading/night light. 


Again this is an area where inventiveness is called for. 

Turning mains devices off and on is a lot harder and should 
only be attempted by those readers with experience in this area. 
To protect both the user and the computer, opto-isolation 
should be employed wherever mains devices are controlled by 
a computer. 


The computer program 

This simple circuit is controlled via the PC I/O board by a pro- 
gram running on the PC. Included in this article is an example 
program, written in Microsoft QBASIC and showing the fun- 
damental control principles (with minor modifications, this 
program should work with all versions of BASIC). 

As can be seen from the accompanying screen shot, the pro- 
gram displays a keyboard on the screen as eight rows of thir- 
teen characters, words or commands. A cursor consisting of 
three asterisks moves up and down the left most column, 
underlining each character/word/command in turn. This cursor 
remains on each row for a short period, the duration of which 
is determined by the delay loop in line 436. Before moving to 
the next row the program checks the status of the microswitch. 
If it is still open then the program moves the cursor to the next 
row. If the current row is the last, then the cursor jumps back to 
row 1. 

If the microswitch is closed, then program control jumps to 
a section of code which moves the cursor along the selected 
row. Once again there is a delay between moving the cursor 
from column to column and the microswitch status is scanned. 
If the switch is found to have been opened again then the 
appropriate character/word is displayed, or the appropriate 
command executed. Otherwise the cursor will simply rotate 
back and forth along the row. 

Since this is a demonstration program the commands incor- 
porated into it are all very simple, things like delete the last 
character, or send the line of text to an attached printer. There 
is also a single CTRL command which can be used to turn a 
single relay and associated LED indicator either off or on. It 
functions simply as a toggle switch. The specified relay is 
attached to pin 12 of the ULN2803A and the associated LED 
to pin 16. They are turned on with the command line: 


OUT IOREGADD%+2,34 


and off by: 
OUT IOREGADD%+2,0 


The variable CTRL contains the current relay status that 
allows it to be toggled on and off. 

This is a simple programme which is primarily designed to 
demonstrate the principles of a single key keyboard and device 
controller. It can be improved and expanded enormously to 
incorporate all sorts of different functions and can be made a 
lot more robust - a user will be most unhappy if the program 
crashes and leaves the system inoperative. Like the circuitry, 
the program is an area where the designer/developer can prof- 
itably use a lot of ingenuity. 


Getting it together 

This project has not been designed and is certainly not intend- 
ed to be something built and created in isolation. It is intended 
to be used in a practical mianner to help disabled people. 
Readers who are interested in taking up this type of project 
should contact local organisations which are set up to help the 
disabled. Also try contacting your local hospital or GP (though 
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_the__an_ 


_spe__rtn__prt__del__end__ 


please remember that these are very busy people, an initial 
written approach is probably best), as well as local representa- 
tives of national charities. 

Readers who do develop applications, or are working on 
designs may well find it useful to talk to each other. Here, use 
of the ETI conference on CIX can be a great help, otherwise 


REM initialise variables 

REM there are 79 spaces between the quotes on the 

SPCS = “ 

CHANGE = 1 

ROW 

CoOL 

coL 1 

CHARCOUNT = L 

LNE = 1 

CTRL = 0 

REM set up 1/0 board registers 

IOREGADD$ = &H300 

OUT IOREGADDS + 3, 144 

REM set up data arrays 

DIM AS{8, 13} 

DIM TEXTS (5) 

AS(1, 1) = “A*: 
= “G": A${1, 8) = 
80 AS(2, 1) = *N*: 
= “7s Asta, OF = 
82 AS(3, 1) = “ats 
= 4g" AS(3, 8) = 
83 AS(4, 1) = “n*: 


ho # Ul 


ASK], 2) = “BYs ASKL, 3) = 
"H": AS{1, 9) = "I": AS(1, 10} = 
AS(2, 2) = 7O": AS(2, 3) = “BM: 
"O*s AS({2, 9) = “V's: ASC, 10) = 
AS(S, 2) = *b*> ASC, 3) = *e™s 
“hs AS(3, 9) = 72") AS(3, 10) 
AS{4, 2) = "o's AS(E, 3) = "p*: 
= "t": AS(4, 8} = “ut: AS(4, 9) = *v": AS{4, 10) = 
a4 AStS, L) = M.'s AS(S, 2B = "Se ASS, 2) = “PTE 
AStS, 8) = ")*» BS{S, G2 = 78" 
65. A666, 1) = "08: ASG, 2) = 81": ASI, 3) = "2%: 
= "6": AS(6, 8B} = "72 AS(6, 9) = "8": AS(6, 10) = 
86 AS(7, 1) = “the": AS(7, 2) = “an*: A$(7, 3} = 
*Ffor": AS'?,; J) = “te”: AS(T, 8) = *Erom™: aAS(7, 
= "she*: AS{?, 13) = “it* 

87 AS(B8, 1) = “spe™: AS(B, 2) = 
"1 AS(8, 7} = *CTRL*: AS(S, 8) 
99 REM 3 spaces between the quotes above 
REM main calling routine 

GOSUB 200 

COL = 1 

ROW = 1 

CHANGE = 1 

GOSUB 400 
CHANGE = 
GOSUB 600 
GOSUB 800 
GOTO 115 
REM 

REM display screen 


“on, 


= "(": 


9) = 


“FEN: 


= # a. 


AS(8, 3) = 
AS(B, 9) = * 


SWSTATS 


1 TO 6 
iro 13 
LOCATE X * 2, Q0* 5 
REM 2 spaces 
PRINT *_"} AS(x, Of *_ 
NEXT Q 
NEXT X 
RETURN 
REM 


_and__or_ _but__for__to_ _from_by_ _with_he_ 


AS(1, 
“Ts 
ash2, 4) + 
“W's: AS(2, 11) = 
AS(3, 
= ays 
AS{4, 4) = "q": 
wes 

AS{S, 4) = "s"5 
AS(5, 10) "So ¢ 
AS{6, 2) = *3%y 
wgn, 
"area s 
Ay 8 ss 


"prt": 
“: AS(8, 10) 


_she__ 


__CTRL_ 


write in to ETI and we will do our best to put readers in touch 
with each other. We will also be running more projects of this 
type over the coming months. If you have done something in 
this area, let us know, we might well be interested in publish- 
ing details. Nick Hampshire 


next line 


i _ | Set-up Variables 

Lines 10-87 define the variables used by the programme. 
Line 12 contains a single line of blank spaces for text dele- 
tion. Lines 41 and 50 set up the I/O board at address $300 hex 
so that Port A is defined as input and Port C as output. Lines 
70-87 contain the data array used to set up the keyboard. 


4) = 
A$(1, 


*"D*s AStl, S) = “EM: AStl, 
11) = “KY: A$(i, 12) = “LL: 
“Qh: AS(Z, 5) = "RY: AS(2, 
"X*: AS(2, 12) = “¥*": 
AS(3, 5) = “e": AS(3, 
hes ASIA, 12) — Aes 
AS(4, Si = *r*: AS(4, 
“x*: AS(4, 12) = "yy: 
AS{5; 5) = “9s AS (5, 
“+#2> AS(5, 12) = "8": 
5} = #4": AS(6; 
: AS(6, 12) = “-": AS({6, 
: AS(7, 5) = "but": AS(7, 6} 
"with": AS{7, 11) = *he": AS(?, 12) 


=“q": 
11} = 


4) = 
AS(3, 


AS(4, 11) = 


AS(5, 11) = 
AS (6, 
AS(7, 
AS(7, 10) 
AS(8, 4) = “del*: 


=. ” 


AS(8, 5) = “end: AS(8, 


Display Screen 

This simply takes the data stored in array A$(8,13) and 
places each character/word/command at the correct position 
on the screen. 


400 
401 
420 
425 
426 
430 
435 
436 
440 
450 
456 
470 
475 
480 
520 
530 
599 
600 
601 
620 
625 
626 
630 
635 
640 
645 
650 
660 
666 
670 
675 
680 
720 
730 
740 
745 
750 
760 
799 
800 
801 
810 
815 
830 
835 
840 
845 
850 
855 
856 
858 
860 
875 
870 
875 
880 
881 
882 
883 
884 
B86 
888 
890 
900 
902 
303 
904 
906 
908 
910 
912 
914 
916 
918 
920 
922 
930 
950 
956 
958 
960 
970 
974 
976 
978 
380 
984 
986 
988 
399 


REM vertical cursor movement 
REM 

FOR ROW = 1 TO 8 

Vo = (ROW * 2) +1 

H = COL * 5 

LOCATE V, H 

PRINT eter 

FOR Q = 1 TO 200 

GOSUB 1000 

IF SWSTAT& CHANGE THEN RETURN 


REM 2 spaces after the *‘s 
PRINT ene ” 

FOR Q = 1 TO 200 

GOSUB 1000 

IF SWSTAT% CHANGE GOTO 740 
NEXT Q 

LOCATE V, H 

REM 4 spaces between the quotes 
PRINT ” * 

NEXT COL 

GOTO 620 

LOCATE V, H 

REM 5 spaces between the quotes 
RETURN 

REM 

REM character input 

REM 

CHARCOUNT = LEN (TEXTS (LNE) } 

IF CHARCOUNT > 75 THEN GOSUB 880 
LOCATE LNE + 18, 1 

X$ = AS$(ROW, COL) 

IF X$ = “spc” THEN X$ = * * 

IF X$ = “rtn* THEN GOSUB 880: RETURN 
IF x$ 
IP x$ “prt” THEN GOSUB 900: RETURN 
IF X$ “end* THEN END 

IF x$ “CTRL” THEN GOSUB 950 
TEXTS (LNE) = TEXT$(LNE) + X$ 
REM 3 spaces between the quotes 
PRINT TEXTS(LNE); “ 7 

RETURN 

REM carriage return line feed 
LNE = LNE + 1 

IF LNE > 5 THEN GOTO 888 

LOCATE LNE + 18, 1 


LOCATE 24, 1 

PRINT “Print buffer full - print out’; 
REM print text 

LOCATE 24, 1 

REM 17 spaces after word text 
PRINT “printing text 

FOR Q =1T05 

LPRINT TEXT$(Q) 

TEXT$(Q) = *" 

NEXT Q 

LNE = 1 

LOCATE 24, 1 

PRINT SPCS; - 

LOCATE LNE + 18, 1 


REM control routine 

IF CTRL = 0 THEN CTRL = 1: GOTO 970 
IF CTRL = 1 THEN CTRL = 0: GOTO 980 
RETURN 

REM turn device on 

OUT IOREGADD$ + 2, 40 

xg =" 

RETURN 

REM turn device off 

OUT IOREGADD$ + 2, 0 

x$ =" 

RETURN 

REM 


1000 REM switch input routine 
1001 REM 

1020 SWSTAT%$ = INP(IOREGADD$) 
1030 SWSTAT%$ = SWSTAT% AND 1 
1060 RETURN 


“del” THEN TEXTS(LNE) = LEFT$(TEXTS(LNE), LEN({TEXTS(LNE)) - 1): 


Move Cursor 

The code between lines 400 and 599 moves the cursor verti- 
cally. Between lines 600 and 799 horizontally. Delay loops in 
lines 436 and 645. Variables V and H determine the current 
vertical and horizontal cursor positions. 


Input Character/Word/Command 

Selected characters/words are displayed at the bottom of the 
screen, a buffer allows up to five 75 character lines of text, 
when the buffer is full its contents are output to the attached 
printer. Lines 840-856 parse the string returned by the key- 
board seletion code to check for commands. 


GOTO 870 


: GOTO 906 


Execute Commands 
Lines 880 through to 999 contain a sequence of command 
execution routines. 


Check For Switch Closure 

The code between lines 1000 and 1060 look at line 0 of Port 
A on the 8255 PPI chip in the PC I/O card, and set the vari- 
able SWSTAT accordingly. 


No need to unsolder 
components with Robert 
Penfold’s in circuit 
transistor tester 


ransistor testers range from simple ‘go - no go’ check- 

ers, through to comprehensive analysers. With discreet 

transistors being used to a much lesser degree these 
days, the cost of a complex transistor analyser is difficult to 
justify. For most purposes, a very simple and inexpensive 
checker of the type described here is perfectly adequate. 

The unit can be used to check npn or pnp silicon transistors, 
which can be in or out of circuit at the time. A LED indicator 
flashes at a rate of a few 
Hz if a test device is ser- 
viceable. A test transistor 


the LED switches on 
continuously, or open 
circuit if the LED fails to 
switch on at all. 


Tester Basics 

A simple __ transistor 
checker can use the basic 
arrangement shown in 
Figure 1. Feeding a small 
current into the base ter- 
minal of a transistor 
causes a much larger cur- 
rent to flow in its collec- 
tor circuit. In this case a 
LED indicator, D1, and a 
current limiting resistor, R2, act as the collector load for the test 
device. The latter is operated as a simple common emitter 
switch. 

In Figure I(a), the test transistor is biased into conduction 
by the base current received via R1. The value of R1 is chosen 
so that any transistor which has at least a moderate amount of 
gain will produce a strong enough collector current to light D1 
at full intensity. In Figure 1(b), S1 short circuits the base and 
emitter terminals of the test device, which ensures that it 
receives no base current. Now, only minute leakage currents 
flow to the collector circuit, and D1 fails to light up. In a real 
transistor checker circuit, S1 is an electronic switch that is con- 
trolled by a low frequency oscillator. The LED indicator 
should flash in sympathy with S1 as it switches on and off. 


Fig.1{a} The test device is biased into 
conduction and D1 lights up. 


Fig.1(b)The test device is switched off and D1 
fails to light. 


In Cireuit 
Transistor Tester 


has gone closed circuit if 


Fig.2 The pnp equivalent to Fig.1. The polarity of D1 
and the supply have been reversed. 


A faulty test component will produce something other than 
proper flashing from D1. Probably the most common fault is 
when a transistor has simply gone open circuit, and applying a 
base current does not produce a significant increase in the col- 
lector current. This fault condition is indicated by D1 failing to 
switch on at all. Sometimes a transistor that has been ‘blown’ 
exhibits a virtual short circuit between the base and collector 
terminals. This type of fault will be indicated by D1 simply 
switching on continuously. If the test component has a very 
low current gain, D1 will flash, but at low brightness. 


Fig.3 In-circuit resistances can affect results. 
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Fig.4 The in-circuit transistor tester circuit diagram. 


However, if a supposedly high gain transistor actually exhibits 
a slightly inadequate but still quite healthy amount of current 
gain, D1 will flash properly, Subtle faults of this kind can only 
be detected using more sophisticated transistor testing equip- 
ment. 

The test set-up of Figure 1 is only suitable for npn transis- 
tors. For checking pnp devices the’slightly modified arrange- 
ment of Figure 2 is needed. The supply polarity has been 
reversed, which in turn necessitates a reversal in the polarity of 
D1. The circuit is otherwise the same as the original, and it 
operates in exactly the same way. 

Testing transistors which are out of circuit is very straight- 
forward, but there are potential problems when testing devices 
that are still fitted on a circuit board. There will inevitably be 
some resistances between the terminals of the test components. 
These resistances will be provided by the bias resistors, load 
resistors, etc. in the circuit. 

There will often be some resistance across the base and 
emitter terminals of the test device, as in Figure 3(a). 
Sometimes this is provided by a bias resistor connected direct- 
ly between the collector and base terminals. In other instances, 
this resistance will be present via a more circuitous route. 


Fig.5 The transistor tester component overlay 
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Either way, this resistance has the potential to hold the test 
device in the ‘on’ state. It is for this reason that the base current 
is switched off by short circuiting the base and emitter termi- 
nals of the test component, rather than simply having the 
switch in series with R1. By short circuiting the base and emit- 
ter terminals, the test device will be switched off regardless of 
any in-circuit resistances. 

Unfortunately, this does not entirely eliminate the problem, 
since the current flow through $1 and RX will result in D1 
being forward biased. In practice this normally produces a cur- 
rent flow that is too low to produce more than a fairly dim glow 
from D1. However, if D1 does glow slightly during the ‘off’ 
half cycles, this is probably not indicative of a faulty device. In 
fact, this seems to occur in the majority of cases, but the glow 
from the LED in its ‘off’ state is usually so slight as to be bare- 
ly noticeable. 

In many circuits there will be a relatively low resistance 
across the base and emitter terminals of the test component, as 
in Figure 3(b). This can produce problems due to the potential 
divider action across R1 and in-circuit resistance RY. The 
resistance of R1 must be low enough to ensure that a potential 
of about 0.6V can be achieved at the base of the test device, or 
the test transistor will fail to switch on. On the other hand, R1 
must be high enough in value to prevent D1 being switched on 
by test transistors which have extremely low current gains. The 
value of R1 therefore has to be something of a compromise. 


Circuit Operation 


The circuit diagram for the transistor checker appears in Figure 
4. The low frequency oscillator is a standard 555 astable, based 
on IC]. An ordinary 555 can be used for IC1, but in the inter- 
est of good battery life it is better to use a low power type such 
as an L555, ICM7555 or TLCS55CP. The output frequency of 
IC1 is about 2Hz, and the output waveform is something not far 
removed from a squarewave. 

When S1 is set to the npn mode, TR2 acts as the electronic 
switch and R7 is the base bias resistor. D1 is the LED indica- 
tor and R8 is the current limiting resistor. With S1 set to the pnp 
mode, TR1 acts as the electronic switch while D2 and R9 act as 
the LED indicator and current limiting resistor. It would be 
possible to use the same LED for both modes, but using sepa- 
rate LEDs simplifies the npn/pnp switching, and makes it obvi- 
ous if the unit is accidentally set to the wrong mode. 

Provided that a low power version of the 555 is used for 
IC1, the standby current consumption of the circuit is only 


Fig.6 Details of the point-to-point wiring. 


about 1.5mA. This rises to an average current consumption of 
approximately 6mA when one of the LEDs is flashing. A small 
(PP3 size) 9 volt battery is therefore adequate as the power 
source. 


Construction 

The transistor tester component overlay is shown in Figure 5. 
Construction of the board should present few problems. 
Although low power 555s are mostly based on CMOS tech- 
nology, they have built-in protection circuits that render anti- 
static handling precautions unnecessary. It is still a good idea 
to use a holder for IC1, however. C2 must be a small radial type 
if it is to fit into the 
layout properly. 
Similarly, in order 
to fit into the layout 
correctly Cl must 
be a printed circuit 
mounting type, hav- 
ing 7.5mm (0.3in) 
lead spacing. Fit 
single sided pins to 
the board at the 
points where con- 
nections to off- 
board components 
will be made. 

A plastic and 
metal instrument case measuring about 130 x 132 x 50mm is 
used as the housing for the prototype transistor checker. This 
case is somewhat larger than is really necessary and it should 
be possible to accommodate everything in practically any 
small project box. As the unit is operating at a very low fre- 
quency, the general layout is not critical. Any reasonably neat 
and sensible layout will do. 

$1 is a standard 4 way, 3 pole rotary switch of the ‘break 
before make’ variety. Do not use a make before break switch. 
A switch of this type would briefly short circuit the supply each 
time it was operated. The adjustable end-stop of S1 is set for 
two way operation. Of course, any 2 way, 3 pole break before 
make switch can be used for $1, JK1 is a standard stereo jack 
socket of the open construction variety. Virtually any three 
way socket should be suitable. 

The hard wiring is shown in Figure 6. This diagram should 
be used in conjunction with Figure 5 (e.g. point A in Figure 5 
connects to point A in Figure 6). It is assumed, in Figure 6, that 
S1 is a 3 way, 4 pole rotary switch and that JK1 is a standard 
stereo jack socket. Be careful to connect everything correctly if 


you use a different type of switch or socket. 

Pieces of multi-coloured ribbon cable are ideal 
for the point-to-point wiring, but ordinary multi- 
strand connecting wire can be used. The polarity of 
a LED is normally indicated by the cathode (k) 
leadout wire being slightly shorter than the anode 
(a) leadout wire. If necessary, the polarities of the 
LEDs can be found by trial and error. Connecting a 
LED the wrong way round will not cause any dam- 
age. 

A set of test leads are needed. They consist of a 
standard stereo jack plug connected to three small 
crocodile clips via three pieces of ordinary multi- 
strand hook-up wire. Leads about 0.5m or so in 
length should suffice. The three leads should be 
different colours, so that the base, emitter and collector test 
leads can be easily identified, Alternatively, use crocodile clips 
of three different colours. Figure 7 shows the connection car- 
ried by each tag of the stereo jack plug. 


In Use 
At switch-on neither of the LEDs should operate. With S1 at 
the npn setting (position one) connect the base and collector 


Fig.7 The stereo jack plug connects to test devices in 
the manner shown here. 


test leads together. D1 should then flash at a rate of around two 
or three times per second. Set $1 to the pnp position and con- 
nect the base and collector test leads together again. This 
should result in D2 flashing at the same rate. Switch off at once 
and recheck al] the wiring if the unit fails to respond properly. 

When testing transistors out of circuit, start by connecting 
the emitter and collector terminals. This should produce only a 
minute current flow through the appropriate LED, which 
should not noticeably glow. If the LED glows slightly, this 
indicates a high level of leakage. This is quite normal for ger- 
manium devices, which makes testing them properly a difficult 
task. With modern silicon transistors a significant leakage level 
almost certainly indicates that the component is sub-standard, 
If the LED turns on continuously, the test device has gone 
closed circuit. 

Connecting the base terminal as well should result in the 
appropriate LED indicator flashing brightly. The test device 
has gone open circuit if the LED fails to switch on at all. It is 
unlikely that the LED will flash at low brightness. However, if 
this should occur it indicates that the transistor under test has a 
very low level of current gain. In fact it has too little gain to be 
of any practical value. 

Disconnecting the emitter terminal should result in the LED 
switching off and remaining switched off. There is a short cir- 
cuit across the base and collector terminals of the test device if 
the LED still flashes with no connection to the emitter. This 
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indicates a serious fault, and means that the test component 
should be discarded. 

The same basic techniques are used for in-circuit tests, but 
the possible effects of in-circuit resistances mean that results 
have to be interpreted more liberally. With only the emitter and 
collector terminals connected, a significant leakage level might 
be indicated. This could well be due to in-circuit resistances 
and does not necessarily indicate a faulty test component. With 
the base terminal connected as well, failure of the LED to flash 
could be due to low value bias resistors in the circuit. Look at 
the circuit diagram for the faulty equipment to see if there are 
any resistors which could be giving problems. Remember that 
inductors and transformers mostly have low resistances 
through their windings and are also a potential cause of prob- 
lems. With low resistances across some of the test component’s 
terminals, there is no option but to remove it from the circuit 
board prior to testing. 

If a component under test gives the right responses, it is 
almost certainly fully operational. It is probably not worth- 
while giving further checks to such a device unless desperation 
sets in! If a test device fails to give the right responses, then it 
should be removed from the circuit board so that it can be test- 
ed in isolation. A proportion of test components are likely to 
work properly once removed from the circuit board. In such 
cases the fault will normally be due to a faulty resistor or 
capacitor in the circuitry around the test device. 

One final point is that testing power transistors using sim- 
ple transistor checkers tends to be problematic. Power transis- 
tors are designed to provide good current gains at high collec- 
tor currents and they are often inefficient when operated at low 


o4 lie 


RANGER 1 

XT/ATPC . 
Circuit — PCB 
From Circuit Design 


Through to Artwork 
In One Package! 


£100 


Fully Integrated 
AutoRouter » 


£50 


Exchan 2 ier bit POL: 
For free Apeonent -_ 


Bane see 


G3 


al sist si 


eeeeere. 


ib 


20090666 


ia 
ek 


sjelsie 


sfe 


Sup, (Calbus: et 
FZ NK |fecem, oe. 


| a 


cosy 


4 


cD ow 
Aa yyed 
wwvensee LE 
i th de ah ai: 


ETI DECEMBER 1993 


( Qe Mees / 

WY; 
Se ep eee 
=--% 


Ri 
R2 
R3 
R4,6 
R5,7 
R8,9 


CAPACITORS 
100 10V radial elect 
470n polyester 


C1 
C2 


SEMICONDUCTORS 
IC1 L555 (see text) 
TR1 BC559 
TR2 BC549 
D1,2 Red pane! LED 


MISCELLANEOUS 

$1 4 way, 3 pole rotary (set for 2 way operation) 

$2. SPST mini toggle 

Bi QV (PP3 size) 

JK1 Standard stereo jack socket 

Case, control knob, battery clip, 8 pin dil IC holder, stereo jack 
plug and test leads. 


currents. This factor is compounded by the fact that most 
power types have relatively low current gains anyway. Most 
power transistors will actually give the right responses when 
used with this tester, even though it operates with a collector 
current of only about 7mA or so. However, if a power transis- 
tor produces slightly less than normal LED intensity, this does 
not necessarily mean that it is faulty. R. Penfold 
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Fig. 2 Block diagram of Alarm key 


Fig. 1 Circuit diagram of alarm key 


Part two of our car alarm project 
deals with the transmitter 


it is fitted into a car. In this issue we look at the remote 

control transmitter unit which is employed to activate 
and deactivate the alarm, It is no good having a burglar alarm 
if the alarm can not distinguish between the legitimate user and 
the burglar. 
The transmitter is in fact an infra red remote control key, for 
turning the alarm off and on. As such it needs to be small and 
compact and this design utilises surface mounted components 
to achieve the required degree of miniaturisation. 


L ast month we looked at the actual alarm circuit and how 


Transmitter Design 

When initially working on the design of this project, there was 
a choice of infra red or radio transmission between the portable 
key unit and the car mounted alarm, but a quick look at the 
problems involved quickly resolved the choice in favour of 


TRANSMIT 
BUTTON 


Car Alarm 


How It Works 
Diode D1 is used for two things. When the maximum voltage 
on UM3750 is 11V, we can use the diode to drop the 12V 
supply voltage by 1V. It also protects the transmitter from 
wrong battery connection polarity. The UM3750 is very sensi- 
tive to wrong polarity. 

Capacitor C1 is very important. It stablilises the supply volt- 
age. If it is not used, then the burstwave would interfere with 
the UM3750s RC input and the transmitter would not work at 
all. 

S1 is the transmit-button. It must be connected before the 
stabiliser capacitor as capacitors always leak current. 

Finally there are D2, D3, D4, R4, T1, used as an AND-gate to 
feed burstwaves to the IR diode (LED1) when output is high 
on C1. Figure 7, shows how the transmitter works, 


infra red. The reason was simply that even if radio transmission 
is preferred, it is hard to design, bulky and subject to many 
legal restrictions. Fortunately, an infra red based communica- 
tion system is perfectly adequate. In virtually all lighting con- 
ditions one can achieve a transmission range of 10 metres or 
more. 

The circuit diagram of the transmitter is shown in Figure 6. 
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MOUNTED ON OTHER SIDE. 
‘DRILLED AND SOLDERED 


Fig. 3 Component overlay of alarm key 


It consists of two integrated circuits. IC 2 is an old favourite 
which everyone will be familiar with, the NE555 coupled as an 
astable mulbrivator. This is used to provide a good 50% duty 
cycle burstwave in squarewaves, which is used to supply the IR 
diode. 

At the heart of the transmitter is the 18-pin UM3750 
encoder/decoder. The supply voltage for this chip has a wide 
tolerance and can be anywhere between 3V and 11V. Ina 
portable unit, this is a very useful feature since it means that 
one does not have to frequently change batteries. The resistor 
and capacitor are connected to pin 13 which is the RC-oscilla- 
tor input. These two components must have exactly the same 
values in both transmitter and receiver. 

The HC-NEO1 will only detect burstwaves at 37900Hz, this 


Fig. 4 How to solder surface mounted devices 


is designed to reduce interference between the infra-red trans- 
mission and daylight, light bulbs, etc. The NE555 oscillator is 
used to create a burstwave of this frequency. By turning the 
potentiometer P1 it is possible to tune the frequency very close 
to 37900. The more accurate the tuning, the greater the operat- 
ing distance. 


Building the Transmitter 
To build the transmitter, you need time, precision, and good 
tools. The hardest job is soldering all the SMD components. 
You need a clean soldering iron with a sharp edge. The PCB 


must be carefully cleaned and I found it easier to mount 
both ICs first, since the SMD components are weak. 

But the first task is to set the identity code. Cut the same 
PCB tracks which connect pins 2-12 of the UM3750 that 
were cut when building the alarm circuit. Note that pin 1 is 
should be left uncut. 

There are two wires under IC2, which must be mounted 
before the IC itself. 

Bend the pins horizontally and cut them in half on both 
ICs. Make a solder blob on each copper connection on the 
PCB. Now, place the IC over the solder and warm them up 
again, so the pins are covered in solder. Start with pin 9 and 
18 and then continue with the others. Do the same with IC 
2. 

Now, solder the SMD components, diodes, transistors 
and buttons in the same way as we did with the ICs, The 
battery connections can be harder and I had to solder them 
with a wire. Make sure you do not apply heat for too long 
to the battery. 

Study the component overlay in figure 3. 

Finally, drill a 5mm hole for the IR diode and mount it. 
Some modifications to the box might be necessary to make the 
PCB fit completely. Finish the project and fasten the ignition- 
key on the chain. The left button is only used to change the 
transmitted code, if you have two cars with this alarm system 
and different identity code. The right button is the ‘transmit’ 
button. 

If it is working, adjust the potentiometer as close to 37900 
Hz as possible, using an oscilloscope or frequency counter. 

With both the transmitter and alarm circuits built and 
installed you can now hopefully look forward to reducing 
the potential for car crime in your own neighbourhood. 
Magnus Pihl 


PARTS LIST 
The transmitter 
RESISTORS 

Ri 120k, SMD 0.125W 
R2,R4 10k, SMD 0.125W 

R3 1k, SMD 0.125W 

R5 1200hm, SMD 0.125W 
2k, linear, SMD 


CAPACITORS 
C1 0.47F/16V, axial 
C2 150pF, SMD 

€3,C4_ 10nF, SMD 


SEMICONDUCTORS 


ict UM3750 
IC2  NES555 

Tt BC 546b 
Di-4 1N4148 
LED GL528 

E 12V battery 
(10.6 x 28.5mm) 


See last month for 
details of reciever com- 
ponents 


Fig. 1 Circuit diagram of fast battery charger 


Rapid 
NiCd 


Battery Charger 


Recharge AA size NiCd 
batteries with Terry Balbirnie’s 
fast portable charger 


his NiCd rapid charger has been designed to recharge 
T ordinary AA NiCd cells in about one hour. It is designed 

to be portable and uses a 12V car supply instead of the 
mains. The unit can charge 2 or 4 cells at a time, with each hav- 
ing a capacity (energy content) of 500mAh. The higher capac- 
ity types provide 600 and 700mAh, but these will need to be 
charged for 72 and 84 minutes respectively. 


Charging AA size nickel-cadmium cells using a small cur- 
rent of, say, 50mA is easy. But shorter charging times are only 
possible through the use of a larger current. At 5A charging 
time is reduced to 9 minutes! However, ultra-rapid charging 
causes problems with overheating and short battery life. These 
problems are avoided by using a compromise of 750mA, the 
solution adopted in this design, although even at this rate care 
needs to be taken to avoid overcharging or the cells may be 
damaged. The NiCd Rapid Charger has been designed to meet 
all these requirements 


Circuit Description 
The complete circuit diagram is shown in Figure 1, and con- 
sists of two sections. The first forms the timing section, the 
second is responsible for current regulation. 

The timing section is built around IC1. With a 12V de sup- 
ply connected to the unit, green LED2 operates through a cur- 
rent-limiting resistor, R9. Timing is initiated by pressing push 
button switch $2. Current then flows through fuse FS1 and 
diode D4 to ICI pin 10. Current also flows through current- 
limiting resistor, R8, and operates red LED1, the charging 
indicator. 

When power is 
applied to IC] it begins 
a timing cycle. Pin 12 
of IC1 is then virtually 
open-circuit and has no 
further effect. Current 
flows to the base of 
transistor, Q1, through 
current-limiting resis- 
tor, Rl. This energises 
the coil of relay, RLA 
then makes (normally- 
open) contacts of 
RLAI1 close and by- 
pass switch S2. This 
switch need no longer 
be pressed since the 
relay contacts take 
over in directing cur- 
rent to IC1 and other 
parts of the circuit. 

IC1 pin 4 provides 
an accurate reference 
voltage of 3.15V and capacitor, Cl, charges up from this 
through resistor R2 (and Rtrim whose purpose will be 
explained later). This reference voltage is accurately main- 
tained by on-chip circuitry throughout the timing cycle, to 
ensure that the capacitor charges at a precisely known rate, 
even when the supply voltage varies between wide limits. This 
means that, providing other components are of a sufficiently 
high quality, the time interval will be accurately pre-deter- 
mined. 

As Cl charges, the voltage across it, and therefore at pin 5, 
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Fig. 2 Component overlay 


rises. When this reaches exactly 2V, Cl discharges and the 
output transistor switches on, making pin 12 low. 2V is 63% of 
the reference voltage and the significance of this will be seen 
presently. With pin 12 low, QI base is made low also. The 
transistor therefore switches off and the coil of relay, RLA, is 
no longer maintained. The contacts now part and the entire cir- 
cuit (apart from LED2) switches off. This marks the end of the 
timing cycle. 

Diode, DI, bypasses the high voltage pulse which occurs 
when the magnetic field in the relay core collapses on switch- 
ing off. Without this diode, other semiconductor components 
in the circuit could be damaged. 

Timer IC1 is designed to end the cycle after a precise sin- 
gle time constant. This is given in seconds and may be found 
by multiplying together Cl (in Farads) by R2 + Rtrim (in 
ohms). This is the same time that it takes for capacitor, C1, to 
develop a voltage of 63% that of the reference voltage across 
it, hence the 2V figure mentioned previously. 

Since a long timing period is needed in this circuit, it is nec- 
essary for both Cl and R2 + Rtrim to have unusually high val- 
ues. The specified value of Cl is 30mF and of R2 + Rtrim, 
120MW. The time constant is therefore 3600 seconds or 1 
hour. Since component tolerances could cause this figure to 
deviate a little, some means of adjustment is needed. This is 
provided by using a 1OOMW main resistor (providing a nomi- 
nal time constant of 3000 seconds or 50 minutes) for R2 and 
the necessary number (nominally two) 10MW subsidiary 
resistors (Rtrim) connected in series with it, to achieve a tim- 
ing of one hour or as required. 
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It is essential to use the correct type of capacitor, or 
capacitors, for C1, otherwise the timings may be erratic or 
the unit may not work at all. On no account use an elec- 
trolytic capacitor as they are subject to a high leakage cur- 
rent. Since it is being charged at an extremely low rate, it 
will self-discharge as quickly as it was charging and 
would thus never reach the 2V level. Even if it did, results 
would be unreliable. 

While the circuit is timing and the relay contacts are 
made, current flows to the section of circuit centred on 
Darlington transistor, Q2, configured as a constant current 
source and working in the following way. The network 
consisting of R3 and Zener diode, D2 provides a constant 
3.3V across D2. Resistors R4, RV1 and RS form a poten- 
tial divider connected across this 3.3V supply. 

Preset potentiometer RV1 provides a range of voltage 
adjustment which the sliding contact applies to Q2 base. 
The effect is that a voltage appears across emitter resistor 
R7, which depends on RV1 adjustment. Since R7 has a 
fixed value, a certain current flows through it which 
depends only on the adjustment to RV1. This will be as 
predicted by Ohm’s Law - I = V/R. At the end of con- 
struction, the preset will be set to provide an emitter cur- 
rent of 750mA. 

The batteries on charge, B! (2 cells) or B2 (4 cells) as 
selected by 2-way selector switch, S1, receive current 
from Q2 collector circuit, but since the collector current is 
virtually the same as that in the emitter, the cells will 
receive the correct charge rate. 

Excess supply voltage over that required to charge the 
batteries and that appearing across R7 and D3, is devel- 
oped between Q2 collector and emitter. When two cells 
are selected, some voltage will also exist across series 
resistor, R6. The purpose of this is to develop about the 
same voltage between Q2 collector and emitter, whether two 
or four cells are selected. If the charging current 
should begin fo rise or fall for any reason, the tran- 
sistor will compensate automatically and thus pro- 
vide a reasonably constant charge rate throughout 
the timing cycle. 

Diode D3 blocks any possible reverse flow of 
current from the charged batteries and so prevents 
them from discharging when the unit switches off. 
Diode D4 prevents damage, should the input lead 
be connected with the wrong polarity to the car 
system - that is, to the incorrect battery terminals. Fuse FS1 
blows and prevents over-charging if more than 800mA flows 
due to a short circuit or other fault. 


Construction 

For accurate setting-up, you will need an ammeter (or multi- 
meter) capable of reading up to 1A dc available at the end of 
construction. Apart from that, no specialised instruments are 
needed. 

Since transistor Q2 becomes warm in operation, it is essen- 
tial for the charger to be contained in an aluminium case with 
Q2 firmly secured to it, since the metalwork will act as a heat 
sink. Do not use a plastic enclosure. 

Most of the components are mounted on a single-sided 
printed circuit board and certain high-power ones mounted off- 
board on a piece of tag strip. Begin with the circuit board. The 
relay is standard, having a 12V coil and 2A SPDT contacts. C1 
(30mF) is difficult to source as a single component and R2 


Fig. 3 Resistor R2 


TO PCB 


(100MW) may also cause problems. Plenty of space has there- 
fore been left on the circuit board to accommodate multiple 
components to make up the values needed - more information 
about this is given presently. 

The component side view of the PCB is shown in Figure 2. 
Prepare the circuit panel and drill the three mounting holes as 
indicated. Note the two rails labelled C1. Three 10mF capaci- 
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tors may be connected in parallel here (i.e. across the rails) to 
give the correct value for Cl. Three 33MW or two 47MW 
units connected together in series could replace the single 
100MW resistor for R2 (see Fig. 3). 

Solder all on-board components into position including IC1 
socket but do not insert the IC itself until later, when assembly 
is complete and the board has been thoroughly checked for 
errors. Take care over the polarity of all diodes and of transis- 
tor, QI. 

The position marked Rtrim is temporarily linked with a 


Fig. 5 TO220 insulating mounting kit 


short piece of connecting wire - this should be left slack so that 
later it may be cut through, and the trim resistor or resistors sol- 
dered between the new ends. The initial 1OOMW timing resis- 
tor is suitable for testing purposes. 

Connection from PCB to switches, etc., is via 15cm long 
pieces of light-duty multi-core connecting. Using different 
colours of wire will help to avoid errors which may be difficult 
to track down later. Insert 
IC1 into its socket, taking 
care over the orientation and 
the dangers of static. Finish 
by adjusting preset RVI 
fully clockwise (as viewed 
from the left-hand edge of 
the circuit panel). 

Next, prepare the off- 
board assembly, This uses a 
piece of tag strip and Figure 
4 shows one _ possible 
arrangement using 11 solder 
tags. It is important that any 
tag which bolts directly to 
the metalwork, and thus to 
supply negative, must, with 
the exception of Tag 11, not 
be used for electrical connec- 
tions. Place some narrow 
bore sleeving on diode D3 
end leads to insulate them. 
Connect Q2 as shown so that 
it stands about Scm (2 in) 
from the tag strip. 

Prepare the case used to 
house the circuit panel and 
off-board components. The 
exact location of internal 
parts will depend to some extent on the size and shape of the 
enclosure being used. Think carefully before drilling holes to 
make sure that no short circuits will be caused between any 
components and the metal case when the lid is fitted. Drill 
holes in the base to correspond with those already made in the 
circuit board. Drill holes in the lid for the cell holders and one 
nearby for the connecting wires to pass through to components 
inside of the case. 

Two-cell side-by-side battery holders are used and you will 
need three of these - two for four cells and one for two cells. 

Holders having PP3-type snap connectors were 
used in the prototype unit, but those having sol- 
der tags could also be used. The four-cell hold- 
er is made by connecting two 2-cell holders in 
series as shown. The common connection is 
soldered to the otherwise unused Tag 3 which 
keeps it out of the way and prevents short cir- 
cuits. Of course, if you use a 4-cell holder, then 
. the negative connection simply goes to Tag 4 
and the positive one to the selector switch, $1. 
Drill holes for switches S1 and S82, for fuse 
holder, FS1, LEDs and for entry of the input 
lead. Fit the supply input lead hole with a rub- 
ber grommet to prevent damage to the wire 
from the sharp edge of the hole. Also fit a 
grommet in the hole where the wires from the 
battery holders will pass through. Standard 
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LEDs may be attached with panel mounting clips or ready- 
made panel mounting LED indicators may be used as in the 
prototype - these improve the appearance of the finished pro- 
ject. 

Mount the circuit board using short stand-off insulators on 
the bolt shanks to keep the underside at least Smm clear of the 
metalwork. Drill holes and mount the tag strip. Mark the posi- 
tion of the hole in Q2 tab then remove the tag strip again. Drill 
the hole for Q2 and mount the tag strip. Q2 must now be 
attached using a TO220 insulating mounting kit. This consists 
of a thin mica washer, a plastic bush and a nut bolt and washer. 
This is used as shown in Figure 5. 

The input Jead consists of a suitable length of flexible twin 
wire. Fit the cigar lighter plug to one end. Then insert the fuse 
into its holder, Use a 1A fuse during testing since the current 
will probably rise above 800mA. 


—_————————_ TO R2 POSITION ON PCB. ——_ > 
Fig. 6 Resistors R2 + RTRIM 


Setting-up and Testing 
In some cars, the cigar lighter circuit only operates when the 
keys are in the ignition - at the radio position. It is obviously a 
bad idea to leave keys in an unattended car. To avoid this, re- 
wire the lighter unit to a fuse of adequate rating which is live 
all the time. 

The charger may now be adjusted for the correct timing and 
current output. Begin by measuring the operating time. No cells 
need be inserted, simply connect the unit to the cigar socket in 
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the car - the green LED should operate - and press S2. The relay 
should click and the red LED should light and go off after about 
50 minutes. Since 120MW (R2 + Rtrim) provides the correct 
timing, each 1OMW is equivalent to five minutes approximate- 
ly. To correct the timing, one or two 1OMW resistors may then 
be connected in series in the Rtrim position. It is not necessary 
for timing to be exact - within five minutes is satisfactory. 

When using higher powered 600mAh or 700mAh cells, a 
longer charging time is necessary, 72 and 84 minutes respec- 
tively. The nominal timing resistor values for these will be 
144MW and 168MW. 

Next, the operating current should be checked. To do this, 
insert two discharged cells in the appropriate holder and set S1 
to the 2-cell position. Plug the unit into the supply and connect 
the cell holder in such a way that only the negative connection 
is made. Set the multitester to a dc current range covering 1A. 
Then put the negative test probe on to the free cell holder pos- 
itive terminal and the positive one on the free connector termi- 
nal. The meter is thus connected in series with the cells on 
charge. Press S2 - the meter should give a very low reading or 
none at all, 

Carefully adjust RV1 sliding contact anti-clockwise to give 
a meter reading of not less than 650mA and not more than 
700mA. As Q2 warms up the value slowly creeps up by around 
50mA, then rises very slowly or remains more-or-less stable. It 
is important that the current stays below 800mA throughout the 
timing cycle. Do a similar check using the four-cell pack, no 
change should be necessary. On completion of this test insert 
an 800mA fuse into the fuse holder. 

Note that the green LED provides a fuse check - if it has 
blown, the LED will not light when the supply is connected. 

All that remains is to assemble the case, although if the unit 
is to be operated in a cold damp environment it is a good idea 
to spray the PCB and off board components with a thin layer of 
water repellent silicone grease. Terry Balbirnie 


BUYLINES 


Ri 4,7k 

R2/Rtrim 100M resistor or multiple resistors to make up near 
value, e.g. 2off 47M or Soff 33M, etc. - see text. 

Additional 10M resistors for Rtrim - power rating unimportant. 


Most of the components used in the NiCd Rapid Charger are readily available. 
IC1 - LM322N - is available from Farnell Electronics who can also supply 
4.7mF metallised polyester capacitors for C1 (6 required) Order Code: 368 
25475 and 33MW resistors for R2 (3 required) Order Code: V37 33M. 


R3,R4 1k - 2 off 100MW Cermet film resistors for R2 are available from Electromail Order 
RV1 10k sub-miniature vertical preset. Code: 158-222. They can also supply 10mF metallised polyester capacitors (3 
R5 10k off required) Order Code: 113- 623 

R6 3R9 or 4RO 3W. 47MW resistors for R2 (2 off required) are available from Maplin as high volt- 
R7 1R0 3W. age resistors. Order Code V47M. Maplin can supply the relay Order Code: YX 
R8,R9 =: 470 - 2 off 94C. 


All fixed resistors are 1/4W, 5% unless otherwise specified. 


CAPACITORS RLA ‘wv rehire re 300-400W coil and 2A SPDT 
: F miniature relay 300-400W coil and 2A contacts. 
C1 30m or multiple capacitors to make up near value, $1 SPDT rocker or toggle switch. 


e.g. 3 off 10mF or 6 off 4.7mF miniature metallised polyester. 
100VW (or any working voltage over 16V). See text. 


SEMICONDUCTORS 

IC1 LM322N precision timer. 

Qi Z7X300 

Q2 TIP 122 (or TIP120 or TIP121) power darlington. 
D1,D3,04 1N4001 

D2 3.3V 400 or 500mW Zener diode. 

LED1 5mm red light emitting diode and mounting clip 
LED2 5mm green light emitting diode and mounting clip 


$2 SPST push to make switch. 

FS1 20mm chassis fuse holder with 800mA quick-blow fuse to fit. 
Additional 1A fuse advisable for testing purposes. 

Printed circuit materials, aluminium case size 102 x 102 x 38mm. 
3 AA size 2-cell holders or one 2-cell holder and one 4-cell holder 
~ see text. 

Tag strip (11 tags required), battery snaps for cell holders if 
required, T0220 mounting kit, 14-pin IC socket. Connecting wire, 
solder, rubber grommets, automotive cigar plug or ready-made 
automotive power lead, small fixings, etc. 
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Fig.1. Circuit for PC parallel I/O port. 


Build a 24 Line 
Programmable I/O 
Card for your PC 


_D MICROSWITCH 


r+ 


ast month we looked at the design of a 24 line bi-direc- 

tional parallel I/O interface board for the PC that was 

based upon the 8255PPI chip. This month we look at 
building, testing and using a board. 

First let’s review the circuit design. The circuit diagram is 
shown in Figure 1. It can be divided into two parts, to the right 
is the 8255PPI I/O chip and to the left is the address decoding 
circuitry which determines where the registers of the 8255 are 
located in the PC’s I/O addressing space. 

The address decoding is performed by the 74LS688, which 
is an eight line comparator. The I/O base address at which the 
board is located is set up using the eight switches in SWI]. 
When one of these switches is open, then the line to the com- 
parator is pulled high via the 10K resistor in RN1. When the 


t 
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Fig.2. Board and component layout for PC parallel 1/O port. 


switch is closed, the line is pulled tow. In this way a binary 
address can be set up using SW1 which is compared with the 
current address on the PC address bus. The four registers, 
’ memory locations to the PC, of the 8255 can be accessed by the 
PC only when the two base address values match. 

The two NAND gates and the NOR gate are used to ensure 
that the 8255 is selected at the correct time, by combining the 
output from the address decode circuitry with state of three 
control lines from the PC bus. 


Construction 

The PCB board layout for this circuit is shown in Figure 2. 
Because the PCB used is not through hole plated, the first job 
is to connect all the vias on the board, Normally, pins would be 
used for this purpose but the track sizes are very small on this 
board and it is therefore necessary to use fine wire, stripped 
wire wrap wire is ideal, and solder to the tracks on both sides 
of the board. 

This is a very tedious task, there are over fifty vias, but one 
which must be done with the utmost care. Joints should be 
checked visually, using a hand lens if necessary, to ensure that 
the joint has been made properly and that no solder has acci- 
dentally joined two tracks together. On many tracks, it is also 
possible to use a multimeter to check continuity. 

Once all the vias have been soldered and checked, the other 
components can be attached to the board. Again, because this 
is not a through hole plated board, all components will have to 
be soldered on both sides of the board. A fiddly job, and one 
which must be done very carefully and thoroughly checked. 

Unfortunately the need to solder components on both sides 
of the board makes it very difficult to use sockets for mounting 
the ICs. This means that [Cs must be soldered directly to the 
board and very great care should be taken to ensure no damage 
to the chips from static discharge, especially when handling the 
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9OS00000000000000, 


8255. This risk can be reduced by making sure that any static 
build up can be easily drained away to earth. One should also 
be extremely careful not to overheat any IC pins whilst solder- 
ing them, which again can damage the IC. 


Testing 

This is not an easy board to assemble and there are a lot of sol- 
der joints which must be very carefully checked before one 
should even consider plugging it into your PC. All joints 


Switch No Address Binary Switch 
line value Setting 
swi ON 
Sw2 ON 
OFF 
OFF 


OFF 
OFF 
OFF 
OFF 
Table 1. Base address switch settings for 0300hex 


should be visually checked, preferably with the aid of a hand 
lens. Then, using a multimeter, check the resistance between 
the +5¥V line and the OV line on the PC edge connector, these 
are pins 29 and 31 respectively. The reading should be in the 
region of 1Kohm, much less than this and there is probably a 
short circuit on the board, which should be located and recti- 
fied before going any further. 

Having checked the board for bad joints and shorts, the next 
step is to set the board base address. As mentioned last month, 
it is important to avoid using any base address which is being 
used by another board. Address 300hex is a good choice since 
this is reserved for use by prototype cards and it is unlikely that 


Fig.3. Test circuit for parallel 1/O port 


there will be any conflict. Table | 
shows how this I/O base address can be 
programmed into the eight switches of 
SWI. 

The next procedure is to turn the 
power to the PC off, and unplug from 
the mains. The case can then be 
opened, or the cover removed and the 
board inserted gently and firmly into 
an empty expansion card slot, remem- 
bering to remove the expansion slot 
cover first. Then close the PC’s case. 

Only at this stage should power be 
supplied to the board by switching the 
PC on. However, there is very little 
that we can do to test the board as it 
stands, to properly test it we need a 
suitable test circuit. A circuit which 
simply consists of eight LEDs which 
can be turned off and on when attached 
to one of the eight line I/O ports of the 
8255. This is shown in Figure 3 and 
can be easily assembled on a piece of 
Veroboard - see the accompanying 
photo. 

The input lines of this test circuit, 
marked PAO through PA7, should be 
attached via a length of ribbon cable 
and the 37 way D- type connector to 


Description 


Fixed disk ni 1FO-1F8 
Games adapter 200-20F 200-207 
Expansion unit 210-217 ni 

2nd parallel printer port vi 278-27F 
Alternate EGA 2B0-2DF 2B0-2DF 
GPIB (0) 2E1 * 2E1 * 
Data acquisition (0) 2E2-2E3 * 2E2-2E3 * 
Serial port 2 2F8-2FF 2F8-2FF 
Prototype card 300-31F 300-31 F 
Fixed disk 320-32F ni 
Network card 360-36F 360-36F 
1st parallel printer port 378-37F 378-37F 
SLDC 380-38F 380-38F 
2nd Bisynchronous ni 380-38F 
Cluster (0) 390-393 * 390-393 * 
1st Bisynchronous ni 3A0-3AF 
Monochrome adapter/printer 3B0-3BF 3B0-3BF 
EGA 3C0-3CF 3C0-3CF 
CGA 3D0-3DF 3D0-3DF 
Floppy diskette controller 3F0-3F7 3FO-3F7 
Serial port 1 3F8-3FF 3F8-3FF 


ni = not implemented 


* = devices which decode the full 16 address bits and can thus reside in a 
range above 3FFhex. Thus, GPIB (1) resides at 22E1hex etc. 


Table 2. IBM PC I/O Map 


Hex address PC/XT Hex address PC/AT ie 


the desired I/O port of the 8255. In this example these lines are 
connected to Port C. The +5V and Gnd lines to the test circuit 
should be obtained from lines 1 and 37 respectively of the D- 
type connector. 

With the test circuit connected to the I/O board we can now 
test its functioning by running a simple program which switch- 


es the test circuit LEDs off and on. A sample test program writ- 
ten in BASIC is shown in Listing 1. It is designed to test Port 
C of the 8255 with a base address of 0300hex, by generating a 
sequence of binary values counting upwards from zero to 255, 
and then starting all over again. 

If the board works properly then the LEDs should light in 


4 


the proper manner when the program is run. If they do not, then 
first check the base I/O address setting on SW1, double check- 
ing that there is no other board using the same address. If this 
fails, re-check all joints and components, double check com- 
ponent orientation, then re-run the test program. 


Use 

We covered programming the 8255PP1 chip in the last issue, 
but it is worth repeating some of the basics, The 8255 uses four 
I/O locations, Three of these are eight bit I/O registers and the 
fourth is a control register. So at the base address is the regis- 
ter for Port A, at base address+1, Port B, at base address+2, 
Port C, and at base address+3 the Control Register. We can use 
the computer to read data from, or write data to, any of the 
ports, but we can only write data to the control register. 

It is the control register which determines how the 8255 
functions, It determines the mode in which the chip will oper- 
ate which in turn determines whether a particular I/O line func- 
tions as an input or an output line, The 24 I/O lines on the 8255 
are grouped into three 8 bit ports, labelled A, B, and C, each of 
which corresponds to one of the 8255 I/O registers. However, 
the control register divides these 24 I/O lines into two 12 line 
groups, Group A and Group B. The lines in Group A consist of 
all the lines in Port A and the upper four lines of Port C. The 
lines of Group B consist of all the lines in Port B plus the lower 
four lines of Port C. 

The control register features three operating modes for each 
of the two twelve line Groups of I/O lines. These modes are 
selectable by setting the appropriate bits within the control reg- 
ister and the function of each of the eight bits is shown in Table 
2. Bit seven of the control register is the Mode/Bit Set/Reset 
bit, and is the key to programming the 8255. Normally this will 
be set to logic 1, where it allows Group A and B Modes to be 
selected, if set to logic 0 it will reset the 8255 registers. 

In Mode 0 each of the 12 line Groups can be configured as 
a set of eight lines and as a set of four lines, which can be either 
inputs or outputs. In Mode 1 each Group of 12 lines can be con- 
figured to have 8 I/O lines, two handshaking lines and two fur- 
ther lines of I/O, Mode 2 governs all 24 I/O lines of the 8255, 
the Group A lines set up as a bi-directional bus with one line 
from Group B acting as a handshaking line, the remaining lines 
from Group B being configured to operate in either Mode 0 or 
1. This should be made clearer by consulting Table 3. 


Programming the 8255 

If you can write a simple program in Basic you can program the 
8255PP1. The key commands in GW or Q Basic are INP to 
input a value from an I/O address or OUT to output a value. 
The first thing to define in a Basic program which uses the 
8255 is the base address at which the chip is located. So, at the 
beginning of the program, we need to have a line something 
like this: 

10 BADR% = &H300 


This sets up a variable called BADR which contains the base 


10 BASEADDS = &H300 
20 OUT BASEADD% + 3, 128 

30 PRINT “INPUT NUMBER BETWEEN 1 AND 255” 
40 INPUT Q 

50 OUT BASEADD% + 2, Q 

60 GOTO 30 


Mode selection 
Mode Set 
Bit Set/Reset 


Mode selection - Group A 
Mode 0 
Mode 1 
Mode 2 


PortA 
Input 
Output 


Port C (upper) 
Input 
Output 


Mode selection - Group B 
Mode 0 
Mode 1 


Port B 

Input 

Output 

Port C (lower) 
Input 

Output 


Table 3. 8522 PPI chip Mode selection on 
the Control Register 


D7 
1 
0 
D6 
0 
0 
1 
D4 
0 
1 
D3 
0 
1 
D2 
0 
1 
01 
0 
1 
DO 
0 
1 


address of the 8255 chip, in this case 0300hex. This variable 
can then be used when setting the Mode values and in all sub- 
sequent I/O operations to this chip. Thus, if we want to set up 
the chip so that the eight lines of Port A function as inputs, and 
the sixteen lines of Ports B and C function as outputs, then we 
would use the following line: 


20 OUT BADR%+3,&H90 


With these two lines executed we can write data to or read data 
from the three 8255 I/O Ports. So if we want to set all the out- 
put lines on Port B to logic | we would use the following com- 
mand: 


30 OUT BADR%+1,&HFF 


and if we wanted to input state of the I/O lines on Port A into a 
variable called PORTA, we would use the following line: 


40 PORTA% = INP(BADR%) 


(For examples of programs which use an 8255PP1 based I/O 
card look at Listing 1 in this article and at the Program listing 
in the article on computing for the disabled.) 


Connecting external circuitry 
The I/O lines on the 8255PP1 chip are fully latched and 
buffered, but they are unable to source or sink large amounts of 
current. This means that, when configured as inputs, they are 
unable to accept voltages outside the range normally associat- 
ed with SV TTL and CMOS logic circuitry. Furthermore, when 
configured as an output, such lines are incapable of providing 
more power than is necessary to output data to one or two other 
TTL or CMOS chips. 

It is very important that these limitations are born in mind 
because any attempts to exceed them will almost certainly lead 
to the destruction of your 8255, and may well lead to the 


SUMMER 1993 
CATALOGUE 


| PARTS LIST 


C1,3,5,7 100n monolithic 
C2,4,6  10y 16v electrolytic 


RESISTORS 
RNi SIL pack 8 x 10K 


SEMICONDUCTORS BUYLINES 

(Ci 74LS00 This circuit uses widely available 
IC2 8255PP 1 components. Those for the proto- 
IC3 _74LS688 ~ | type were all obtained from Maplin. 
IC4 74LS02 


MISCELLANEOUS 
SW1 8x DiL switch 

FS1 1A 22mm fuse and holder 

37 way D-type connector socket right angled PCB type 


Test Circuit 
RESISTORS 
SIL pack 8 x 2200hm 


SEMICONDUCTORS 
ICt ULN2803A 
LED1-8 3mm red LEDs ordinary type 


MISCELLANEOUS 
Veroboard 2 x 1.5in 
10 way ribbon cable 
37 way D-type plug. 


The new enlarged Cirkit 
Catalogue is out now! 


32 more pages 

New range of Kenwood ‘scopes 

The latest scanning receivers and accessories 
New section of low cost security products 


Extended range of Velleman kits including: 250W 12Vdc 
to 220Vac inverter, in-car amplifier power supply, 200 
and 400W amplifiers, suppressed lamp dimmer, halogen 
lamp dimmer, day/night thermostat and telephone 
remote control unit 


» New test equipment, includes: 2.3GHz bench frequency 
counter, EPROM emulator/programmer, portable ‘scopes 
and bench function generators 


» Host of new components, including: compression 
trimmers, variable capacitors, connectors, fuses, and 
fuseholders, potentiometers, IC’s, soldering irons and 
lead free solder 


>» Published 27th May 1993 
» Available from most large newsagents 


destruction of your entire PC. So be warned! 

The way around this problem is to provide a buffer, or per- 
haps even isolate, the inputs and outputs of the 8255 from any 
external circuitry. If the external circuitry is working using nor- 
mal 5V TTL power, then buffering is probably adequate. At 
higher voltages, and particularly if switching mains voltages, 
isolation techniques are essential. We will be covering both of 
these subjects in the next issue. 


VvvVVYVY 


Conclusion 

An I/O board is a very useful add on for experimentally mind- 
ed PC owners, With such a board installed in your machine you 
can start to explore the possibilities of using your computer to 
control and monitor a wide range of different types of external 
circuitry. 

Readers who may find the construction of this project 
somewhat daunting should not despair. This board has been 
designed so that it is directly compatible with several other 
commercial I/O boards which are based upon the 8255PP1 
chip, in particular Maplin’s Programmable PC I/O Card. 

If you do build this board, then we will, over the coming 


months, be publishing a selection of useful and interesting pro- or directly from Cirkit 
jects based on it. Have fun! Jim Morton 
> Send for your 
copy today! 
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High technology 
communications for 


ETI readers 


With ETI’s new computer conferencing system, readers will be able to 
access a world of information and talk directly to other readers 


ithout a doubt, on-line com- 

puter services accessed via a 

personal computer, phone 
line and modem, are the communica- 
tions and information medium of the 
future, They can be used to keep peo- 
ple in touch with the latest technical 
developments. They can be used to 
access an infinite quantity and wealth 
of information stored in computers all 
around the world, They can be used to 
communicate with like minded indi- 
viduals anywhere on the globe, enlist their help in solving prob- 
lems, searching for unusual items, or just simply having a chat. 


ETI Online 


With this in mind, we are instituting an on-line conference sys- 
tem for use by ETI readers. This conference will allow readers 
to exchange information and ideas, advertise surplus compo- 
nents, or download public domain and shareware programs. 
Readers will also be able to access information from around the 
world, send electronic mail to any one of over five million peo- 
ple, and even access the computers at NASA to get pictures of 

Mars or the current weather satellite image of Antarctica. 
The ETI conference is being run on the computers of the 
Compulink Information 
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Communigations software 

Before one can use the modem to access an on- 
line system it is necessary to have a communica- 
tions program of some sort running on your com- 
puter, There are a large number of such programs 
available, some freely available in the public 
domain, some sold commercially and others inte- 
| gral parts of other packages, such as the rather 
basic communications facilities offered by 
Windows. 


Exchange, better known 
to many computer users as 
CIX. Anyone can join 
CIX, with a one off regis- 
tration fee of £25 and 
hourly line usage charges 
of between £2.40 and 
£3.60 per hour. These will 
be directly debited to your 
credit card. The equip- 


ment needed to access 

CIX is a personal comput- 

er, which could be a PC, a Macintosh, an Amiga, Archimedes 

or an Atari, etc., a suitable modem operating at between 300 
and 9600 baud and an appropriate communications program. 

So what exactly is an on-line computer conference? It is 

basically a way in which users can hold conversations without 

being constrained by time or distance, both factors which 

restrict ‘real-world’ conferences. Thus, with a system like CIX, 

a user can log on to the conference at any time of night or day 


and from anywhere in the 
world, and add to the ongoing 
discussion. You can discuss 
matters of interest with peo- 
ple who you may not meet in 
your day to day work, you can 
trade information and opin- 
ions on your areas of exper- 
tise. Many people use CIX to 
obtain technical support, the 
wealth of information avail- 
able from other users is phe- 
nomenal. You will often find your questions answered in full 
within minutes of putting them on the conference. 

Users of a system like CLX can also use it to send and 
receive messages, using what is known as electronic mail, or E- 
mail, Using E-mail is simple, you have within the CIX com- 
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Joining CIX 

Joining CIX is very simple. Connect your computer and 
modem to the phone line, run your comms package and 
then dial one of the CLX phone numbers. These are 081 390 
1255 and 081 390 1244 

Once you have connected you should type CIX at the 
login: prompt. You will then be given a login banner with 
the CIX telephone numbers and address. At the next 
prompt, Nickname (or NEW for new user): enter nickname 
@cr-and finally at the Password: prompt, enter your pass- 
word @cr>. 

If you are new to CLX you should type CIX at the Login: 
prompt. You will then see the CIX login banner displaying 
the telephone numbers and address of CIX. At the prompt 
Nickname (or new for new user): enter new@cr>. You will 
then be taken through the on-line registration, where you 
will be given a nickname and password and asked for your 
name, address and credit card details. Shortly after register- 
ing, you will receive a registration pack in the post. 

Because of a special deal between ETI and CIX, readers 
will not have to pay the usual £25 registration fee. In order 
to ensure that you are not charged, please make sure that 
CIX are aware that you are a reader of Electronics Today 
International and that you are applying for the discount 
when. registering 

Any readers with further queries about CIX should tele- 
phone them on 0492 641 961. 


Modem selection 
The key hardware component needed for accessing a system like 
CIX is a modem. This is a device which is used to convert the dig- 
ital signals used by a computer to the analogue signals used by 
phone systems (the name modem _ stands for 
MODulator/dEModulator). 

PC modems, particularly card modems for mounting inside 
your PC, are quite cheap and the widely available Amstrad 
modem card which works at 2400baud (baud = bits transmitted 
per second) can be bought for under £70, which is ideal for access- 
ing something like CIX. The biggest problem facing anyone buy- 
ing a modem is the enormous range of different communications 
standards which are now in use, and thus whether the modem you 
are buying will work with the on-line system you are thinking of 
using. A common specification from an on-line service for 
modems attached to it might read ‘full duplex, compatible with 
V.21, V.22, V22bis, MNPS5’, which sounds very confusing. 

The specification of ‘full duplex’ refers to the modem’s abili- 
ty to transmit and receive data concurrently. The numbers pre- 
fixed by a V refer to CCITT communications standards, while 
MNPS is a data compression technique. The following are some 
of the more common specifications: 


puter an in ‘basket’ and an out ‘basket’ in which mail sent to 
you or by you is put. Unlike the conference system, where 
messages are public and can be read by any other conference 
user, the messages sent by E-mail are private and are sent to a 
specific user. 

Every user on CIX has a mailbox and every user has a 
unique user ID, so sending a message is simply a matter of 
addressing it to a box with the appropriate user ID. You can 
also send E-mail to millions of people around the world using 
CIX’s direct link to the world-wide Internet system, With E- 
mail, a message can be sent and received in seconds and often 
for less than the cost of a stamp (this is because in most cases, 
you only pay local phone charges rather than international 
ones). Furthermore, if the person you want to send it to is not 
on E-mail, then CIX will allow you to send a Fax just as easi- 
ly. 


Users can also use CIX to directly access information. 
There are over 50 gigabytes of disk storage for files on CIX 
alone, but if you really want to access information, then one 
should use CIX to access Internet, which gives access to thou- 
sands of computers around the world. Computers in compa- 
nies, research institutions, universities and government depart- 
ments, Computers from which one can access a vast array of 
resources, including databases, file servers, multi-user games, 
chat systems, satellite photos, etc. There is also a whole range 
of news services available through Usenet, which cover all 
sorts of different subjects. In fact, you name it and you will 
probably find it on Internet. 

‘Now you know all about CIX, why not join and participate 
in the ETI on-line conference. 


V.21 - 300baud duplex modem 
V.22 - 1200baud modem 
V.22bis - 2400baud modem with error correction 

V.32 - 9600/4800baud full duplex modem 

V.32bis - 14400baud full duplex modem 

V.42bis - error correction and data compression which can be 
used to produce effective data transmission rates of up to 
38.4Kbaud. 

MNPS - data compression technique developed by Microcom 
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GOULD 2400 4-PEN CHART RECORDER 
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Suffering from 
unstable TV 
images when 
playing video 
tapes? Solve the 
problem with Paul 
Stenning’s circuit 


Video 


Stabiliser 


friend of mine recently purchased a good second hand 

colour television at a bargain price. The reason for the 

bargain price became apparent some weeks later - the 
set would not give a stable picture when playing a video tape 
that has copy-protection, such as those hired from a video 
» library. 

It was at this point that I became involved. The television 
manufacturer's UK agent was aware of the problem, but could 
not offer a modification to resolve it! I did not feel inclined to 
delve into the innards of the television without information and 


How It Works 
The complete circuit diagram is shown in fig ?. 

The video enters the unit via PL1. SW1 selects whether the circuit 
is enabled or bypassed. R8 terminates the input. The circuit around 
TR1 is a sync separator, the output across R4 pulses between 0V 
and 6V approx. 

TR2 is fed by an integrator circuit to produce the frame sync. D5, 
R13 and C9 extend this over the Teletext area at the top of the 
screen. This is squared up by the logic gate to form the Blank 
Enable signal, which is high during this part of the picture. 

If SW2 is closed, D6, C10 and R14 extend the line sync pulse over 
the colour burst. The non-extended sync is gated with this to pro- 
duce the Burst Enable signal, which is high during the colour burst. 
Video Enable is high whenever the other two enable lines are low 
and covers the normal video and sync part of the picture. 

The Sync signal is inverted by IC1 and Ré6. This is then attenuated 
and set to a suitable DC level by R7, R9, R12, R13 and C5, and 
forms the blanked video signal. 

The video signal is held with its base line at around OV by C7, R10, 
and D2. This is the norma! video. Note that D2 must be a germani- 
um device, 


my friend didn’t really want to buy another set. The only 
remaining option was to design a device to remove the copy- 
protection from the signal before it reached the TV. The result 
is the Video Stabiliser described here. 


Copy Protection 

The principle of copy protection is to alter the video signal such 
that it can be displayed normally on a TV or monitor, but not 
recorded by a video recorder. By examining the signal with an 
oscilloscope, I found two areas where it is altered. 


C6, R16 and R17 remove all DC from the video signal and leave the 
chrominance and colour burst, biased a little above the OV rail. This 
forms the chrominance signal. 

These three signals are fed into analogue switches controlled by 
the enable lines. Only one switch is closed at a time and, conse- 
quently, the required signal is assembled. The result is buffered by 
the output amplifier (TR3, TR4 and surrounding components). C13 
adds a little HF boost to compensate for losses earlier in the circuit. 
A supply of 9V (+/- 1V) at 35mA is required, this does not need to 
be regulated since the current consumption is reasonably constant. 
A low cost unit built into a large 13A plug may be suitable - select 
one that can be left on indefinitely. If the voltage is selectable it 
may have to be set to 6V since the load is light. 

Any ripple on the power supply output is removed by C12. D5 pro- 
tects the unit against reverse polarity. The supply to the sync sepa- 
rator is further decoupled by R19 and C9. 

Note that IC1 and IC2 are operated from a supply of about 6V (due 
to R14, R24 and C14). This is because the sync separator output 
only goes up to about 6V and a gate powered from the 9V rail 
would not respond to it. 


Firstly, the video level in the top section of the picture, nor- 
mally reserved for Teletext information, is varied from black to 
peak white. Many video recorders use this part of the signal to 
set their automatic recording level, resulting in a signal with 
wildly varying amplitude that a television cannot successfully 
display. 

Secondly, the colour burst has a DC offset in the last few 
lines of the picture. This is visible on some televisions as a dark 
section at the bottom of the screen. Many video recorders will 
confuse this with the frame sync signal, and lock onto it instead 
of the true frame sync. 

The Video Stabiliser presented here will remove both of the 
above signal alterations and the prototype enabled my friend to 
enjoy his new toy. Removal of the colour burst offset is option- 
al and selected by a front panel switch. A second switch 
enables the unit to be bypassed when not required. 

The prototype unit was connected between the video output 
connector on the video recorder and the video input connector 
on the television. If it is being used with a television that does 
not have a composite video input socket, the signal must be 
modulated before being fed to the aerial socket. This can be 
achieved by connecting the unit between two video recorders. 


Construction 
The circuit is constructed on a single sided PCB, 84mm x 
92mm. The component overlay is shown in fig ?. 

Construction is reasonably straightforward, Start with the 
six wire links and then continue in the usual size order, IC1 and 
IC2 are both CMOS devices and IC sockets are recommended. 
D2 is a germanium diode, take care to ensure that it does not 
get too hot. Veropins or 0.lin header strip are recommended 
for the off-board connection. 

Any case that is large enough to hold the PCB, sockets and 
switches would be suitable. A metal case may be preferable for 
screening but no problems were experiences with the prototype 
in its plastic box. 

The interwiring is shown in fig ?. Screened cable may be 
used for the video connections, but this is not really necessary 
providing the wire is short. 

The two switches can be considered as optional - if one or 
both are not required link wires should be fitted in the PCB as 
required. 


Testing 

Provided that the unit is carefully constructed, there is no rea- 
son why it shouldn’t work first time. If an oscilloscope is avail- 
able, the output can be viewed when playing a copy-protected 
tape to verify that the offending signals have been removed. 
Otherwise simply connect the unit to your equipment and try it. 
Measure the voltage across C12, which must be 9V +/-LV. If 
the voltage is selectable on the PSU, try other settings to sie 
the voltage within range. 

Alternatively, if the voltage is a little too high it may be, pos- 
sible to reduce it by connecting one or more 1N4001 diodes in 
series, in the positive connection to the PCB. Each diode will 
drop about 0.6V. 

In some cases, a dark section may be visible at the top of the 
screen. This is caused by the delay produced by R15 and C8 
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being longer than required. It appears that this delay differs 
slightly with different makes of 4001 IC, however the colour 
burst delay due to C10 and R18 is unaffected. 

If this problem occurs there are two options. If you have a 
stock of ICs try some other 4001s to find one that’s suitable. 
Otherwise try reducing the value of R15 to 27K or 22K and 
find the highest value where the dark section is not visible. 


In Use 

For normal viewing it may be preferable to set SW1 to bypass, 
to eliminate the inevitable slight signal degrading that this unit 
causes. When viewing a troublesome video film, the unit 


PARTS LIST 

RESISTORS (All 0.25W 5% or better) CAPACITORS 
R12 27K C17 220n 
R318 18K C213  100u 
R4 5K6 C34 —-10n 
RS 22K C5 10, 
R69,11  4K7 C611  220p 
R7 39K c8 100n 
R823 2A cg 220): 
R10 —-100K C10 —-470p 
R12. 270K C12 2200p 
R13. 10K C140 47 
R14 470R 

R15,16 33K SEMICONDUCTORS 
R17,20,24 1KO ict 4066 
R19. 270R C2 4001 
R21,25  100R TRI,4 —_BCS58 


R22 2K2 TR2 BC548 


SPECIAL OFFER 


should be switched in. SW2 should only be closed if it proves 
necessary, since this may cause slight colour variation prob- 
lems. For legal reasons please do not use this unit for any other 
purpose! 


Paul Stenning 


BUYLINES 
Ail components are readily available and no buying problems 
are envisaged. 

The electrolytic capacitors should be rated at 16V or greater 
and be radial types. The other capacitors should have a lead 
pitch of 0.2in (5mm), other types may fit if the leads are bent. 
Before purchasing a power supply, check the latest Greenweld 
bargain list. They often list suitable types for about two or three 
pounds. 

The PCB is available from the ETI PCB service, see page 60. 
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D5 1N4001 
MISCELLANEOUS 

PLi,3 BNC Socket (or as required) 


PL2 2.1mm Power Socket (or as required) 
SW1 DPDT Miniature Toggle Switch 

Sw2 SPST Miniature Toggle Switch 

PCB, Case, Power Supply (see text), Veropins, 
Wire, PCB Mounting Hardware, Video Cable and 
Connectors as Required 
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Spice Age for Windows for £95 incl VAT for a limited period. 


We are offering a special version of 
SpiceAge for Windows to students and 
serious hobbyists. The version will 
analyse medium sizes of circuits and 
may be upgraded to the professional 
version for the price difference. 


SpiceAge is the program used by 
professional circuit designers that lets 
you “breadboard” even before you plug 
in your soldering iron. It gives you 
|quiescent DC voltages, frequency 
| response curves and ‘scope-like traces 
| of your circuit ideas. Imagine how easy 


Transient. 


+ SpiceAge show a ‘scope 


¥ a thing or two about Lissajoul \} 


jit is to test new components and values without the risk of smoke! SpiceAge has a friendly editor 
‘that lets you tell it what components to put in your circuit and how to connect them. SpiceAge 
has a “lab” full of “test equipment” to let you inject signals and “probe” for voltages, currents, 
dissipations, dB gains, phase angle, group delay and power consumption. 


Requires Windows 3.0 or higher. S.A.E. please for information pack or £5 for demonstration kit. 
ACCESS/VISA or cheque with order. Please state disk size. Those Engineers Ltd, Dept Ek03, 
81 Birkbeck Road, London NW7 4BP. Tel 081-906 0155, Fax 081-906 0969. 


icroprocessor 
Fundamentals 


Microprocessor chips form 
the central processing 
heart of every personal 
computer but what most 
people are not aware of is 
that they can now be found 
in virtually any piece of 
electronic equipment 


hat we have witnessed in the last decade has been an 

inexorable move away from pure hardware systems 

towards systems largely based upon software. Indeed 
this transition has probably been one of the most important 
technological developments of all time. 


DATA BUS 


Piles ey 


CONTROL BUS 


+Vec = GND 
Fig. 1 Different components of a standard computer 


Microprocessors in design 

So why have designers turned away from designs based pure- 
ly on electronics hardware to designs based largely upon soft- 
ware? One extremely important reason is flexibility. A design 
which relies to a large degree upon software can be changed by 
simply changing the code stored in an EPROM and with little 
need for extensive rewiring and new circuitry. 

This is possible for the simple reason that we can define any 
electronic circuit as a ‘black box’ with input and output. Since 
the electronic circuit embodied in the ‘black box’ is a determi- 
nate machine, in other words one which behaves in a pre- 
dictable manner, it is possible to create a table of relationships 
between input and output, a truth table. It does not matter 
whether a system is analogue or digital, we can still draw up 
such a table.» 

Any table of relationships between input and output, and 
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thus any determinate machine, can be modelled using comput- 
er software. This is exactly what happens when we replace a 
hardware circuit with a microprocessor and software. The soft- 
ware models the circuitry it replaces and the interface circuit- 
ry provides the same inputs and outputs. Thus, from the out- 
side the operation of a pure hardware system and an analogous 
software based system are exactly the same. 

This gives the design enormous flexibility and means that 
it can be easily changed to meet changing demands from cus- 
tomers, and can equally easily be upgraded to create new high- 
er priced versions. Thus a piece of equipment can be produced, 
with the same electronics circuitry, but different software to 
tailor it to the needs of different markets in different parts of 
the world, a factor which increases market competitiveness 
without increasing production cost. al 

The movement towards designs with a high software com- 
ponent also has another bonus, It is 
invariably simpler, with fewer chips, and 
can thus be produced more cheaply and 
more reliably. Again, features which 
emphasise the competitive edge which a 
microprocessor based design can give to 
a product. 

Another important factor is reduced 
development time. With the availability 
of sophisticated programming languages 
and software tools, it is possible to create 
the software element of a design in a very 
short time frame. This contrasts with the 
time taken to develop and test a circuit, 
build prototypes, create the PC board and 
perhaps even create bespoke integrated 
circuits, A matter of weeks for the soft- 
ware and months for the hardware, factors which are reflected 
in the final cost, and the manufacturers’ ability to rapidly iden- 
tify and exploit a market. 

Indeed, much of the drive towards the use of a large soft- 
ware component in the design of electronics systems has been 
a purely commercial one, but there is also the fact that as sys- 
tems become increasingly more complex so it becomes much 
harder to design a pure hardware implementation which will 
reliably work. Without computers, at all levels, much of what 
we take for granted today would be impossible. 

These are factors which apply as much to the amateur as 
they do to the manufacturer. Many of us are no longer content 
with simple projects, we want to do something more ambi- 
tious, something with more complex functions, but we do not 
want it to be much more complex to design, build or test and 
neither do we want it to be much more expensive. The solution 
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GROUND 


is to follow the manufacturers’ lead and incorporate software 
into the design. In other words, to use a microprocessor as the 
basis of any reasonably complex electronic system design. 


What is a microprocessor? 

Before we can actually use microprocessors in building a 
device, we need to be able to answer the question, what exact- 
ly is a microprocessor? The answer is not 
that simple, for a microprocessor is an 
extremely complex device, but we can 
broadly say that it is the component which 
executes the sequence of instructions which 
make up a computer program, instructions 
which are stored in memory and which 
manipulate data. This data might also be 
stored in memory, or obtained from, or sent 
to, special input/output circuits, which 
might in turn be connected to keyboard 
switches, lights, relays, displays, etc.. 

This leads us to the fact that a micro- 
processor is only one part of a processing 
system, Besides the microprocessor there is 
memory circuitry, input/output circuitry and general purpose 
control circuitry. To work, any system has to have all these dif- 
ferent components, as shown in Fig 1. 

Of course some microprocessors, the so called microcon- 
trollers, have all these different components integrated onto a 
single IC, which means that to the casual observer it looks like 
a self contained system. These single chip systems are popular 
with consumer goods manufacturers because they are cheap 
and reliable, but by and large the type of microprocessor sys- 
tem which most amateurs will be using will be based upon a 
circuit which includes the processor chip, memory chips, and 
I/O chips. 


Inside the microprocessor 
If we look at a typical small, low power microprocessor chip, 
such as the 6502 or Z80 (simple eight bit processors whose pin 
outs are shown in Fig 2.) we can clearly see that the connec- 
tions to the chip fall into three distinct categories. There are 
eight data lines, sixteen address lines and control and power 
supply lines, forty pins in all. 

The data lines are used to carry a parallel byte of data from 
memory location to processor and back again. The actual 


Fig. 2 Pin outs of two common eight bit microprocessor chips 


memory location being selected by the sixteen address lines, 
and since computers all work on the binary system the sixteen 
address lines mean that for a processor like the 6502 there can 
be a maximum of 216 or 65,536 possible memory locations. 
The simplest operation that a processor is called upon to do 
is to fetch a byte of data from a specified memory location. To 
do this the processor needs an internal sixteen bit pointer 


Fig. 3 Crystal controlled oscillator circuit 


which can be set to point to one of the 65,536 possible loca- 
tions. This pointer is stored in a special type of memory loca- 
tion within the processor called a register and this particular 
register is called the program counter. 

The sixteen bit program counter is connected directly to the 
processor address lines and can be set to any desired value by 
a range of different program commands, So if the program 
directs the processor to read the contents of a specified memo- 
ry location, the address of that location is put into the program 
counter. At the same time, a command is sent to the memory 
location to say that its contents are to be read. This results in 
the data lines being set to the value stored in the specified 
memory location. 

The data on the data lines can be transferred to one of a 
number of different data registers within the processor, the 
choice depending upon the program command. The logical 
and arithmetic operations of the processor are performed 
between these different data registers by circuitry known as the 
arithmetic logic unit, again under the direction of the program 
commands. 

So with a simple processor like the 6502, the Z80, or the 
6800, we can reduce the conceptual internal contents down to 
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a handful of different data registers, a program counter, an 
arithmetic logic unit and some control circuitry. A conceptual 
model of a 6502 together with a description of the program 
cycle is shown in the box on this page. 


Fig. 4 Simple push button reset circuit 


The microprocessor at work. 

A microprocessor works by following a sequence of coded 
instructions, the program. At this stage we will not consider the 
actual detailed structure of a program, or the techniques of 
writing a program, this will be looked at in a later article. 
However, it must be emphasised that the type of program we 
are talking about in this series is not the familiar Basic, Pascal, 
or C program used on a PC, but assembly language, or machine 
code, programming. 

In assembly language programming, the programmer is 
working at a level which is far closer to the actual 
hardware. It involves the use of instructions which 
specify exact memory locations and specific proces- 
sor registers. This does not mean to say that one nec- 
essarily needs to write a program for a simple micro- 
processor system using assembly code, it can be writ- 
ten with the aid of a high level language compiler, 
such as C++, although in so doing the programmer 
does lose a Jot of control, as well as having a slower 
and less well optimised piece of code. Wherever pos- 
sible, writing code in assembly language is recom- 
mended for this type of application. 

The machine code instructions which make up the 
program are stored in memory in a specified order and 
are accessed by the program counter one after the 
other, under the ordered control of a system clock. A 
clock, by which we mean a regular sequence of puls- 
es rather than a device which gives us time and date, 
is of vital importance to the functioning of any type of 
computer system. Without such a clock it would be 
impossible for the processor to synchronise the moving and 
manipulation of data and without such synchronisation, the 
processor would simply not work. The commonly used 6502 
has a 2MHz clock, which means that each clock cycle takes 
just half a microsecond. 

Every clock cycle, the processor performs a function which 
is determined by the program instruction stored in a memory 
address pointed to by the program counter. With a simple 
instruction, it might be completely executed in one clock cycle, 
but the majority of instructions take two, three or even four 
cycles to complete their execution. The box on page xx shows 
the relationship between clock cycles and program instruction 
execution. 

The starting memory location of the program which is to be 


executed can be determined in one of two different ways, 
either by the use of a hardware system Reset, or a hardware 
Interrupt. The Reset and Interrupt are two of the most impor- 
tant control inputs to the microprocessor chip. 

The Reset as its name implies is used to reset the 
program counter to the beginning of a program so that 
it starts all over again, whereas the Interrupt, and 
there is frequently more than one type of interrupt on 
a microprocessor chip, is used to halt execution of the 
current program and initiate the execution of another 
program. Only when that program has been complet- 
ed will execution of the first program resume at the 
same point that the interrupt occurred. 

When either an Interrupt or a Reset occurs, the 
system needs to know the exact starting address of the 
respective piece of code. It does this with the aid of a 
jump vector stored as a sixteen bit address at a pair of 
predefined locations in memory. On the 6502 the 
Reset vector is located at the hexadecimal locations 

FFFC and FFFD and the IRQ Interrupt at locations FFFE and 
FFFF. It is these jump vectors which contain the actual starting 
address of the program code. 


The essential control circuits. 

There are thus three basic control inputs that are to be found on 
every microprocessor. They are the clock input, the system 
Reset and one or more system Interrupts, each of which 
requires its own small piece of circuitry. In addition, there are 
the power inputs, which on most modern microprocessor sys- 


Fig. 5 Power up reset circuit 


tems consist of little more than 5V at 1A or less. 

Let’s first look at the clock circuit, since this is the most 
complex. This could be any circuit capable of producing a suit- 
able square wave output with a frequency within the range 
specified by the processor manufacturers. In practice, howev- 
er, most microprocessor clocks are derived from a crystal con- 
trolled oscillator circuit, such as that shown in Fig.3. 

The reason for this is that a great many applications require 
accurate timing functions to be performed by the software. 
Such time related functions could range from the generation of 
an analogue waveform of a specific frequency to controlling 
the speed of an electric motor. With a crystal controlled clock 
there is a known frequency from which time can be calculated 
and there is no problem of variation in frequency due to 


The microprocessor program cycle 
The best way to show how a processor executes instructions is to follow a 
short sequence of instructions using the conceptual model of the 6502 
shown above. 

The following is a typical piece of code stored at starting address $0300, 
which involves fetching a byte of data stored in location $0100 and placing it 
in the processor's accumulator: 


Location Contents Action 

0300 AD fetch the contents of the location 
0301 00 whose address is $0100, and place 
0302 01 it in the accumulator 


If we look at the clock cycle sequence involved in executing this small piece 
of code then we will find that it looks like this: 


CYCLE 2 


OP-CODE FETCH FETCH ADL FETCH ADH FETCH DATA 


| CYCLE 1 | CYCLE 3 | CYCLE 4 | 
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ON ADDRESS BUS AND DATA BUS BY CLOCK CYCLES DURING LDA INSTRUCTIO 


We can break this down into a number of steps, as follows: 


| 1- First clock cycle, the contents of the program counter, $0300, are placed 
on the address bus and the processor reads the op code on the data bus, the 

program counter is then incremented to $0301. 

2 - Second clock cycle, the contents of the program counter, $0301, are 

placed on the address bus and the lower portion of the address, the ADL, 

where the data is stored is then fetched from location $0301 via the data bus. 

The program counter is incremented to $0302. 


PROGRAM COUNTER HIGH-PCH 
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3 - Third clock cycle, the contents of the program counter, $0302, are placed 
upon the address bus and the upper portion of the address, the ADH, where 
the data is stored is then fetched from location $0302 via the data bus. The 
program counter is incremented to $0303. 
4 - Fourth clock cycle, the values fetched from ADH and ADL are placed in 
the program counter, thus the value $0100 appears on the address bus. The 
processor then fetches the contents of that byte via the data bus and stores 
the np in the accumulator, the program counter is restored to its previous 
value, $0303. 


This is just a short fragment, that involves the execution of just one single 
instruction. In an actual program the instruction sequence may well involve 
many thousands of such operations. 


changes in temperature. 

The Reset on most systems will be connected to a switch, 
usually a simple push button type, although it might also be 
derived from a circuit which automatically creates a Reset con- 
dition on system power up. The choice depends upon the appli- 
cation. The Reset line is normally held at a logic high, in other 
words tied to the +5V rail via a 1K resistor. When it is pulled 
low for a minimum of two clock cycles, then processor opera- 
tion is halted. The actual Reset occurs on the transition back 
from low to high. 

The Reset circuit shown in Fig.4 is a very simple push but- 
ton version, The switch used is a normally open non-latching 
type, and the two 7404 buffer inverter gates are there simply to 
ensure that the correct logic levels are available, as well as 
removing switch bounce and squaring up the pulse edge. 

The Reset circuit in Fig.5 is a more complex circuit which 
generates a power up reset. It is based around the 555 timer 
chip and simply relies on the power coming on to act as the 
trigger. A suitable delay is then generated by the 555 before it 
sends the Reset line high, to ensure that the system has settled 
down after being switched on. 

As far as the interrupt lines are concerned they need no spe- 


cial circuitry since the inputs on these lines are, by and large, 
generated by the system I/O circuitry. However, for proper 
operation these lines should always be tied-to the appropriate 
logic level voltage rail via a 3.3Kohm resistor. On both the Z80 
and 6502 they would be tied to the +5V supply. They are then 
pulled low by the I/O circuit. 


Next month. 

In the next part in this series we shall be looking at the organi- 
sation of a microprocessor’s memory address space and tech- 
niques for address decoding. Alex Stewart 


Further cpa 

There are a great many books on programming and using micro- 
processors and a look in your local library and book shops is well 
worth while. The following are a couple of titles worth examining: 


Microcomputer Interfacing. by Mike Cavenor and John Amold. 
Published by Prentice Hall, price £18.95. 

Programming the 2-80. by Rodnay Zaks. Published by Sybex 
Books, price £23.95 
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Price Price 
code (inc. vat) 


£1.80 
£2.50 
£3.25 
£4.00 
£4.75 
£5.50 
£6.62 
£7.20 
£8.80 
£10.60 
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PCBs for the remaining projects are available from the companies listed in Buylines. 

Use the form or a photocopy for your order. Please fill out all parts of the form. Make sure you use the board reference numbers. This not only identifies the 
board but also tells you when the project was published. The first two numbers are the year, the next two are the month. 

Terms are strictly payment with order. We cannot accept official orders but we can supply a proforma inyoice if required. 

Such orders will not be processed until payment is received, 
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PCB Foils 


The PCB foil patterns presented here are 
intended as a guide only. They can be 
used as a template when using tape and 
transfer for the creation of a foil 


NiCd Battery Charger 


Car Alarm 


Video Stabiliser 


Last month we neglected to print the 
component overlay for the car alarm. We 
reproduce it here 


NOTE: 
D4 IS MOUNTED 

ONTO THE RELAY 
COIL 
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PC I/O Board - Component side 


| 


Transistor Tester 
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PC I/O Board - Solder side 


OPEN FORUM 


Technology and society 


e live in a society which relies exclu- 
Weve upon science and technology for 
its existence, indeed for its very survival. 
Without technology, and the scientific 
research from which it springs, we in the 
developed nations of the world would be 
plunged into a standard of living which 
would, in most cases, be worse than that of 
third world countries. 

It is technology which has allowed us to 
have dense urban populations. Populations 
which are fed, clothed, educated, amused 
and kept warm by high technology manu- 
facturing, power generation, communica- 
tions, agriculture, transport, and mining. 
Conversely, it is dense urban populations 
which have given society the pool of skilled 
intellect which has created this capability 
and which can further develop the technolo- 
gy on which our society is built. Unless we 
are to have a society plagued by disease, 
starvation, and poverty, we must continue to 
use our intellect to make our lives better. 
That means using everything that science 
and technology can offer us. 

As a society we should not be deriding 
and criticising scientists and technologists, 
with the man in the street all too frequently 
regarding them collectively as either mad or 
irresponsible. Instead, society as a whole 
should be supporting them to the full. We 
should be regarding our scientists, our tech- 
nologists, and our engineers as examples of 
the modern Columbus, explorers of unchart- 
ed realms of knowledge where all manner 
of riches may be found that will benefit all 
of us. 

So why is it that scientists, technologists, 
and engineers have such a lowly position in 
society today, despite the fact that that same 
society relies upon them for its very exis- 
tence? A large part of the reason, I suspect, 
is simply that people in the past have 
expected too much from them. 


To err is human 
Unfortunately scientists, technologists, and 
engineers are not infallible and all knowing, 
they make mistakes like anyone else, They 
are human and can be used by the greedy, 
the power hungry and the unscrupulous. But 
perhaps their worst failing is their isolation 
from the mass of the population, their all 
too common inability to communicate with 
the man in the street. In the absence of such 
a dialogue, the common man, in his igno- 
rance, becomes prey to fears and phobias 
about science and technology. 

This is where those of us who under- 
stand something about science and technol- 


ogy can do something to help bridge this 
gap in communications and confidence. We 
can do this by showing those around us that 
science and technology is not the exclusive 
realm of that media image of strange, absent 
minded and slightly crazy people in white 
coats. People who create lethal anti-social 
devices in expensive laboratories. 

We must show that science, engineering 
and technology can also be about ordinary 
people using the knowledge that mankind 
has acquired to create things which can give 
them, and others in society, a better quality 
of life. Enthusiasts, hobbyists, the readers of 
magazines like ETI, embody a huge creative 
potential which can not only help society in 
general but also restore the reputation of 
engineers, scientists, and technologists as 
competent, thoughtful, caring individuals. 

In this issue of ETI we look at one sim- 
ple way in which readers can use their 
expertise to help less fortunate members of 
society. In this case, a computer keyboard 
system for people suffering from severe 
motor disability. With this simple little pro- 
ject which, including the PC, would cost no 
more than a couple of hundred pounds, it is 
possible to give such people a lot more free- 
dom than they would otherwise have. 

This is just one example of how réaders 


of ETI can use their expertise in electronics: 


and technology to give others a better quali- 
ty of life. There are a host of other exam- 
ples. We could create a simple speech syn- 


thesis system to help those with speech dis- . 
abilities to talk. We could help build and — 


install intercom/alarm systems in the homes 
of old people. We could devise alternative 
energy power systems for use in third world 
countries. The list is endless. 

All that is needed is for those of us with 
the expertise to get together with the chari- 
ties and the carers. Together, it is possible to 
achieve far more, for far less, than can be 
done using commercial equipment and com- 
mercial expertise. At ETI we will be sup- 
porting these kinds of ideas, we will be pub- 
lishing projects which can be used by indi- 
viduals, by organisations and by schools to 
help others within their community to lead 
fuller lives. Through CIX we will also be 
providing readers with the means to com- 
municate ideas with each other. 

Let’s show the world that as scientists, 
technologists and engineers, we are not a 
bunch of anti-social nerds, but caring and 
responsible people who want to use their 
skills and knowledge to make the quality of 
life better for everyone. 
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Ww Maplin Electronics are pleased to 
NE announce their superb new range 
of precision, laboratory grade 
Oscilloscopes from Goldstar. 
ay’ The range starts with the super 
E value-for-money, 20MHz Dual-trace 
Oscilloscope, OS-9020A. Features 
include a large 6in., high luminance 
CRT with internal 8 x 10cm graticule, 
TV field or line triggering and X-Y 
mode producing Lissajous patterns 
for phase shift measurements. 
ayy For higher frequency applications, 
NEW the 40MHz Dual-trace Oscilloscope, 
OS-9040D, is ideal for TV and video 
signals and a trigger delay facility allows 
observation of fast leading edges. 
yy For RF signals and high-speed logic 
NE applications, the highly specified 
100MHz triple-trace Oscilloscope, 
OS-9100D, has 3 independent input 
channels and is ideal for simultaneous 
display of 3 logic pulse trains for 
timing comparison. 


All models are supplied complete with probes, mains lead, spare fuses and detailed operating manual. Full details 


9.95 


Ww The dual-trace, 4OMHz Oscilloscope, 

NEW 6.904RD, is similar in specification 
to OS-9040D, but with the additional 
facility of a digital readout on the CRT. 
The readout displays information such 
as timebase and attenuator settings, 
and on-screen measurements can be 
performed using movable cursors, the 
value appearing on the CRT screen. 

ay lop-of-the-range is the excellent 

NE 20MHz Digital Storage Oscilloscope, 
OS-3020, with on-screen digital read- 
out and measurement facilities. The 
digital storage function enables one-off 
events to be captured and stored for 
detailed analysis. Stored waveforms can 
be printed out on a suitable X-Y plotter 
via the built-in RS232 interface. 
Repetitive high-speed waveforms 
up to 20MHz can be digitised using 
equivalent sampling techniques 
and pre-trigger mode allows events 
occurring before the triggering point 
to be captured. 


and specifications can be found in the 1994 Maplin Full Colour Catalogue, available from WHSMITH and 


selected branches of RSMcColl in Scotland for £2.95 (£3.45 by post direct from Maplin). To order, Phone the Credit 
Card Hotline, 0702 554161, or send your Mail Order to P,O Box 3, Rayleigh, SS6 2BR, or visit your local Maplin store, 


Please note latest models all now cream in colour as Model OS-3020. 


toto) bbe, ELECTRONICS. uk acents ror GOldStar 


Visit our stores in: Birmingham, Brighton, Bristol, Cardiff, Chatham, Coventry, Edinburgh, Glasgow, Ilford, Leeds, 


Leicester, London (Edgware, Forest Hill and Hammersmith), Manchester (Oxford Road and Cheetham Hill), 
Middlesbrough, Newcastle-upon-Tyne (The Metro Centre, Gateshead), Nottingham, Portsmouth, Reading, 
Sheffield, Slough, Southampton, Southend-on-Sea, Stockport, plus a NEW store opening soon in Milton Keynes. 


Phone 0702 552911 for further details. 


All items subject to availability, prices include VAT and may change after Feb, 28 1994. Carriage charge per order £5.70. 
Handling charge £1.40 per order. Overseas customers please phone 0702 552911. 


OS-9020A GW03D £269.95 


OS-9040D GWO4E £399.95 


OS-904RD GW06G £499.95 


OS-3020 GWO07H £749.95 


GoldSta: 


Technology with the human to: 


